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FROM THE DEAN AND DIRECTOR 
A few weeks ago I received copies of resolutions 
adopted by two organizations commending a certain 
phase of our program for its contribution to the suc-
cess of educational efforts sponsored by these fine or-
ganizations. Like all people we appreciate a "pat on 
the back"; but the significant factor to me is that 
these actions typify the growing appreciation by lead-
ers in our State that research and education are vital to 
the further development of the total economy of South 
Dakota. We all are aware of the need for the full de-
velopment of our available resources-especially our 
human resources-and the need to capitalize on any 
comparative competitive advantages available to us 
in agricultural production. 
But progress through these avenues of growth is 
based on the application of knowledge in solving both 
new and old problems. Growing sugar beets in eastern 
South Dakota is an excellent example of the need for 
an organized information program on beet culture 
which is relatively new to this part of South Dakota 
but "old stuff" to growers on the Belle Fourche pro-
ject in western South Dakota. At the Redfield Irriga-
tion Development Farm, research workers in our 
agronomy, plant pathology, horticulture, and agricul-
tural engineering departments have been collecting 
data on beet culture for several years. These data pro-
vide growers valuable information on potential yields, 
fertility requirements, weed control, and so forth. 
This is another case where research was ready with 
some answers at least, before a new development be-
came a practical reality. Didn't the research help lay 
the ground work for a new industry in this case? 
Similar stories could be told about the develop-
ments preceeding the expansion of the quality egg pro-
gram and for the adoption of bulk tanks and other 
cost-reducing practices in the production of Grade A 
milk for consumption both inside and outside the 
state. We are familiar too, with dramatic research de-
velopments, as in the introduction of hybrid corn by 
the plant breeders a few decades ago. But in still other 
areas, change occurs so slow 1 y that the actual begin-
nings and growing pains involved in research become 
hazy. Whether the research is immediate, dramatic, 
or tediously slow, it is this knowledge provided by 
the research scientists and linked to the innovator's 
vision of adopting new technology which gives to 
modern American agriculture a dynamic character 
unparalleled in our history. 
The South Dakota Agricultural Experiment Sta-
tion has cooperated with associations, cooperatives, 
public and private organizations, and federal and state 
agencies dedicated to helping South Dakota grow. 
Our ambition is to expand this service to the people of 
the State in the future. W e solicit your suooestions for 
. bb 
improving and expanding the use of results from re 
search as we build during the decade of the 1960's, 
toward South Dakota's sesquicentennial. 
Orville G. Bentley, 
Dean of Agriculture, and 
Director of Experiment Station 
WHERE 
ARE OUR 
SLAUGHTER 
HOGS 
GOING? 
Hoc PRODUCTION is a major source of income for east-ern South Dakota farmers. Cash income from 
hogs in 1959 was $108 million, second only to income 
from cattle and calves. Knowledge of the markets into 
which our hogs move will enable us to better assess 
and improve our competitive position in hog produc-
tion and marketing. 
As a part of a larger study conducted by the 12 
North Central states and Kentucky, the Economics 
Department of the South Dakota Agricultural Exper-
iment Station recently conducted a survey to deter-
mine the destination of slaughter hogs marketed in 22 
eastern South Dakota counties (Figure 1). Informa-
tion was obtained from markets handling the largest 
volume of slaughter hogs within each county or pair 
of adjoining counties in the 22-county area. In August 
1959, 15 market outlets were contacted including one 
terminal or public market, four packing plants, five 
auctions, three packer buyer stations, and two local 
dealers. Markejng personnel were asked to indicate 
the destination points for slaughter hogs handled by 
the market outlet, the type and cost of transportation 
from the market to the destination point, and the pro-
portion of the market's total volume of slaughter hogs 
shipped to each destination. 
The 15 market outlets included in the study han-
dled over 90% of the estimated number of hogs sold 
through markets in the 22 county area, according to 
an earlier study ( 1957). Farmers also ship slaughter 
hogs to markets outside the area; however, the aggre-
gate volume included in the sample is considered 
large enough to give an adequate analysis of the desti-
nation of slaughter hogs raised in the area. 
The movement of slaughter hogs from the fifteen 
market outlets was divided into three classifications: 
( 1) hogs slaughtered at the market outlet where they 
were received from the farmer, (2) hogs shipped to 
slaughtering plants within the area studied, and (3) 
hogs shipped outside the area. 
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HOGS SLAUGHTERED AT THE MARKET OUTLET 
About 60% of the total volume of the 15 mar-
ket outlets included in this study was slaughtered at 
the market outlet through which it was sold. 
Packing plants were the only type of market with 
facilities to handle volume slaughtering of hogs at the 
market outlet itself. Hogs received from farmers and 
other market outlets in the area were often slaughtered 
the same day they were received. Generally, the 
packing plants relied on normal daily or weekly re-
ceipts for the volume required to operate the plant. 
Occasionally, packing plants requested from their 
procurement sources more of a certain type of hog in 
order to meet a demand. 
HO GS SLAUGHTERED W ITHIN THE A REA STUDIED 
Because many of the market outlets lacked facili-
ties for volume slaughtering of hogs at their place of 
business, these outlets often shipped hogs to slaughter-
ing plants within the area. Shipments of this type in-
cluded hogs shipped directly by the packer buying 
station which bought hogs for the packing plants, and 
those which were bought at other market outlets by 
buyers or dealers, for the packing plants. 
The packer buying stations and dealers were the 
only market outlets which shipped all of their hogs to 
a packing plant within the area. The packer buying 
stations shipped all of their hogs to the parent plant 
for slaughtering. The dealers, while always shipping 
to slaughtering plants within the area, sometimes ship-
ped to one packing plant and sometimes to another, 
depending upon which plant had the greatest demand 
for the hogs. 
Some hogs sold through the terminal and auctions 
were also slaughtered within the area. About 31 % 
of the hogs sold through the terminal were shipped 
to plants within the area. About 75% of the annual 
G ERALD MARO SEK and G E 1E M u RRA 
Assistant economist and former graduate assistant in Economics 
Table 1. Destination of Live Hogs from Fifteen Slaughter Hog 
Market Outlets in Eastern South Dakota, 1959 
(Percent of total volume moving to each destination) 
Stayed Shipped outside area studied to: 
Market within area Near Far Near Middle Far 
outlet studied* Southt Southi West§ West ll West1[ East/ 
Terminal ________ 31 8 17 0 4 35 5 
Auction 
1 ---------- -------- 15 10 30 10 10 25 0 
2 -·-----· ----- ---- 75 0 0 15 0 10 0 
3 ---- · ---------- -- 20 30 0 0 20 30 0 
4 -----·------------ 0 0 15 10 25 50 0 
5 -----·-----·-----· 10 0 0 0 10 80 0 
Dealers, packing plants, and buying stations ______________________ _ 
____ _________ __________ ________ 100% of hogs slaughtered within area 
*Hogs slaugh tered within the area studied. 
-!-Includes markets in states ad joining South Dakota to the south . 
tlncludes markets in states south 0£ those adjo ining South Dakota to th e 
south. 
§Includes markets within South Dakota but outside a rea stud ie<l . 
ll lncludes markets west 0£ South Dakota up to but excl uding West Coast 
sta tes. 
~jlncludes markets in West Coast states. 
/I ncludes markets east 0£ South Dakota . 
volume of one auction was slaughtered within the 
area, while no hogs of another auction were slaugh-
tered within the area (Table 1). 
Comparison of market outlets showed that the 
auctions shipped only 20% of their total annual vol-
ume to plants within the area compared to 31% for 
Figure 1. Counties included in eastern South Dakota 
slaughter hog study, by geogrnphic area, 1959. 
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the terminal and 100% for the dealers and buying 
stations. As noted before, packing plants generally 
slaughtered 100% of their volume at the plant where 
it was received. 
About 20% of the total annual volume for the fif-
teen market outlets included in this study was ship-
ped to a packing plant within the area. 
HOGS SLAUGHTERED OUTSIDE THE AREA STUDIED 
The majority of slaughter hogs sold through the 
auctions and terminal were shipped outside the area 
for slaughtering. 
Most of the hogs shipped outside the area were 
shipped to points south and west. Hogs were shipped 
as far as southern Texas and the West Coast. The 
highest percentage of hogs shipped outside the area 
went to the West Coast. The terminal was the only 
market outlet reported shipping live hogs east 
and that was only 5% of its total annual volume. No 
market outlet reported shipping live hogs north. 
Destination of slaughter hogs from the market outlets 
studied is shown in Table 1. 
Section A of the study area included four market 
outlets. From the four markets' total annual volume 
of 260,000 slaughter hogs, only 15,000, or 5.8%, were 
shipped outside the area for slaughtering. Hogs that 
were shipped outside the area were not shipped · out 
of South Dakota, but outside the area studied. 
Section B of the study area included 11 market 
outlets. About 385,000 slaughter hogs were shipped 
out of this area for slaughtering. This was about 16.5% 
of the total annual volume of 2,330,000 from the 11 
markets. Hogs from these outlets were shipped as far 
as the West Coast . 
TRANSPORTATION COSTS TO OUTSIDE MARKETS 
Shipment of live slaughter hogs to distant points 
is costly. Transportation charges to the West Coast 
are from $1.75 to $2.00 per hundred pounds. Charges 
to the south are from $1.00 to $1.50 and charges to 
western states are from $.80 to $1.50 (Table 2). These 
charges do not include any compensation for shrink-
age losses, crippling, or death. 
Transportation charges are reported in terms of 
truck rates to all points. Only one market outlet 
(terminal) used rail shipments to any extent and the 
charges for rail and truck were comparable for simi-
lar distances. The range in transportation charges 
occurs because of: ( 1) varying distances to the same 
destination from different market outlets in South 
Dakota and (2) varying distances due to different 
destination points within the classifications used. In 
addition, truck rates may vary with the degree of 
competition among truckers and the possibilities for 
back-hauls, since truck rates for hogs, an exempt agri-
cultural commodity, are not subject to regulation. 
Table 2. Transportation Charges on ·out-of-State Shipments 
of Live Slaughter Hog& by Truck, 1959 
(Charge in Dollars and Cents per Hundred Pounds) 
No.of 
Most markets re-
often porting each 
Destination Range Average reported destination 
Near South* __________ __ ____ .25- .60 .41 .35 6 
Far Southt------------------ 1.00-1.50 1.25 1.25 4 
Near W estt--------------- .15-1.35 .28 .35 3 
Middle West§ ____________ .80-1.50 1.21 1.25 5 
West Coast 11 ---------------- 1.75-2.25 2.03 2.00 6 
East~ __ __ ________ ________ ________ .40 .40 .40 1 
•Includes markets in states adjoining South Dakota to the south. 
tlncludes markets in states south of those adjoining South Dakota to the 
south. 
tlncludes markets within South Dakota but outside area studied. 
§Includes markets west of South Dakota up to but excluding West Coast 
states. 
11Includes markets in West Coast states. 
,Jlncludes markets east of South Dakota. 
IMPLICATIONS OF FINDINGS 
Eastern South Dakota may have a comparative 
~dvantage in the production of slaughter hogs; this 
1s suggested by data in this study. For example, it was 
found that over 15% of the hogs marketed within 
the 22 county area were slaughtered outside the area. 
From the 11 markets in Section B of the study, one 
animal in six was shipped outside for slaughter; most 
of these were shipped south and west. 
Comparative advantage is the term used to indi-
cate that when a producer ( or an area) can produce 
~ore. than one commodity, he will produce the one 
y1eldmg the greatest net advantage to him. That is, 
other areas can very likely grow and fatten hogs, but 
be~ause o~ the costs involved they have an advantage 
usmg their resources (land, labor, capital) for other 
purposes. Similiarly, eastern South Dakota farmers 
can produce other commodities; but because of rela-
tive cos~s, they may find the hog enterprise the best 
alternative use for certain of their resources. 
If it is true that eastern South Dakota has a com-
parative advantage in the production of slaughter 
hogs, will this situation continue, and how can we 
help promote it? 
Areas of concentrated population tend to have 
high priced land, farmed intensively when used for 
agricultural purposes. The production of forage or 
feed grains fo_r livestock growing and fattening will 
not be attractive. Census data show that the density 
of population is increasing in the areas along both 
the east and west seacoasts. During the past two dec-
ades, the largest net in-migration occurred in the fol-
3 
lowing areas: ( 1) the eastern seaboard states from 
Massachusetts to Virginia, (2) the eastern Great Lakes 
region and (3) the west coast and southwestern states 
including New Mexico, Arizona, Utah, Nevada and 
~olorad?.1 All of these areas are characteriz;d by 
either high population density or climatic conditions 
relatively unfavorable to livestock finishing. 
Labor and capital resources will tend to be at-
tracted to non-agricultural pursuits in areas of con-
centrated population. Workers can sell their labor and 
investors use their capital to their net advantage in 
manufacturing and service trades. Comparative ad-
vantage explains the shift away from agriculture in 
such areas; so it appears that the comparative ad-
vantage of the midwest, including eastern South 
Dakota_, in the production of slaughter hogs is likely 
to contmue. 
In regard to promoting our comparative advan-
tage, several factors have worked in our favor in the 
past ~nd cont~nue to do s?. Among these are low pro-
duct101:1 costs m the growmg of feed grains. Relatively 
low pnced land of high natural fertility has contribut-
ed to this advantage. High feed conversion ratio be-
cause of scientific feeding and well bred ani~als 
is anot~er production factor in our favor. Improv/ 
ments m transportation facilities enable us to com-
pete in markets a greater distance from the point of 
production. Such things as faster motor trucks better 
highways, faster railroad freight schedul;s and 
switching service, and triple deck freight cars and 
truck trailers contribute to faster and more efficient 
marketing of slaughter hogs. 
How can we further promote these favorable 
trends? We must be alert to seek out the production 
and ~arketing techniques and patterns which will 
result m the greatest economic efficiency. Production 
problems can often be solved on the farm. Marketing 
probl.ems more commonly require group action and 
~ay mvolve financial, legislative, and legal considera-
tions. 
One step producers might consider is achieving 
more uniform production of slaughter hogs through-
out the calendar year. For the 1952-59 period market 
receipts of hogs from South Dakota for the' months 
of ~pril through September averaged only 56.6% of 
receipts for the months of October through March.2 
More uniform production and marketing of hogs 
would not only tend to reduce seasonal price fluctua-
tions but might encourage more slaughter and pro-
cessing within the state. The latter development 
would enable South Dakota to realize the slaughter 
and pro~essing ~argin from a larger part of our hog 
product10n. (ProJect 358. Economics Dept.) 
:statistical Bulletin, _December 1960, p. 3. 
Sou~h Dako:a Agriculture 1959, South Dakota Crop and Livestock Re-
portmg Service, p. 38 . 
STUDY COMPARES 
Dual Sorghum Silage 
INFORMATION ON GRAIN AND FOR-
AGE YIELDS, CHEMICAL COMPOSI-
TION, AND RATE OF GAIN IN FEEDING 
TRIALS ALLOWS ANIMAL HUSBAND-
MEN TO COMPARE THE NUTRITIVE 
VALUE OF DUAL SORGHUM SILAGE 
AND CORN SILAGE 
L.B. EMBRY, R. M. Lun-IER and F. W. WHETZAL 
Professor, Instructor and Instructor in Animal Husbandry 
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and Corn Silage 
CATTLE AND sheep feeding experiments have gen-erally shown a higher nutritive value for corn 
silage than for sorghum silage. Values varying from 
around 65% to about equal that of corn silage have 
been reported for different varieties of sorghum silage. 
The type of sorghum (forage, dual purpose, or grain 
type) appears to be an important factor in the value 
of sorghum silage in comparison to corn silage. The 
type of sorghum is also important in the yield of silage 
per acre. 
Yield per acre should be considered as well as the 
nutritive value when selecting a crop to be grown for 
livestock feed. Sorghums vary from varieties which 
are essentially forage with little grain to heavy yield-
ing grain varieties with little forage. 
The influence of the proportion of grain to forage 
on the feeding value of sorghum silage does not ap-
pear to have been thoroughly studied. In view of this, 
it seemed desirable to compare silage from different 
types of sorghum with corn silage when data were ob 
tained on grain and forage yields. Dual, an early grain 
and forage sorghum, was selected for one of the com-
parisons in these studies. The characteristics of this 
sorghum are described in South Dakota Agricultural 
Experiment Station Bulletin 467~ 1958. 
SILAGE FED 
Dual sorghum and corn were grown in the same 
field in 1959. Both crops were relatively free of weeds 
except for foxtail which was too short to result in any 
significant amount in the silage. The Dual sorghum 
was harvested on September 9 when the seeds were 
in the hard dough stage. The corn was harvested on 
September 16 and 17 when the grain was in the dent 
stage and shortly after a killing frost. Both crops were 
stored in 16-by 35-foot concrete stave silos with roofs 
and sealed with plastic silo caps. 
FORAGE AND GRAIN YIELDS 
The 1959 growing season was dry and yields were 
low. Total yields were obtained by weighing each 
truck load of forage, sampling for moisture analyses, 
and measuring the area harvested. 
Grain yield for the Dual sorghum was obtained 
by harvesting the heads from 20 plots uniformly dis-
tributed throughout the area harvested. Each plot con-
sisted of a 10-foot section of one row. Sample plots of 
this size were considered adequate since there was a 
good uniform stand of plants. The heads were oven-
dried, threshed and then redried to a moisture-free 
state to determine the dry-matter yield of grain. 
Twenty samples were also taken for yield of the 
corn grain. Each of the plots consisted of a 20-foot 
section of one row. Larger plots were harvested than 
for the sorghum because of the low yield of corn ears. 
The ears were dried, shelled and redried to a moisture-
free state for dry-matter yield of the grain. 
Yields of forage and grain for the corn and Dual 
sorghum are shown in Table 1. The Dual sorghum ap-
peared to be harvested at about the proper stage and it 
contained 65.67% moisture. The corn was dry because 
of the frost and it contained only 52.59% moisture. 
The yield of the freshly chopped material was 
about 1.2 tons more per acre for the Dual sorghum. 
When reduced to an air-dry basis (12% moisture), 
the corn yielded 626 lbs. more forage per acre than 
did the Dual sorghum. 
The yield of corn grain per acre was only 1,269 lbs. 
of air-dry matter while the grain yield of the sorghum 
was 2,576 lbs. The greater grain yield from the sorg-
hum with a lower total yield of forage resulted in it 
being considerably higher in grain than the corn for-
age. The sorghum silage contained 51.5% grain in 
. comparison to only 22.5% for the corn silage on an air-
dry basis. The value is low for average corn silage. It 
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will often contain 5 bu. or more of grain per ton of 
silage (35-40% grain on an air-dry basis) in compari-
son to only 4.3 bu. in this trial. 
Table 1. Yields of Grain and Forage from Corn 
and Sorghum Silage 
Forage yield/ acre 
Corn 
silage 
As harvested, tons________________ ___ ___________ 5 .23 
Moisture, % --------------------------------------- 52.59 
Air-dry matter, lb.* __________ ___ ___ __ __________ 5,635 
Grain yield/ acre 
Dry matter, lb. _________ _______ ______ ______________ 1,117 
12% moisture basis, lb, _____________ _________ 1,269 
Grain/ ton fresh forage 
Dry matter, lb.___________________________ ________ 214 
12% moisture basis, lb.____________________ __ 243 
Grain/ ton air-dry forage* 
12% moisture basis, lb. ______________________ 450 
Percent of total forage__________________ ______ 22.5 
Dual sorghum 
silage 
6.42 
65.67 
5,009 
2,267 
2,576 
353 
401 
1,030 
51.5 
*Calculated to 12 percent moisture basis for forage and grain. 
Twenty heifer and 8 steer Hereford calves 
used in this experiment had grazed winter range and 
been fed 4 lbs. of a 20% protein supplement until ship-
ped to Brookings for the silage experiment. Twelve 
steer calves of similar quality and condition were pur-
chased in late December to make up 2 lots of 10 steers. 
They were fed in dry lot on prairie hay and protein 
supplement until put on the silage experiment. The 
calves were uniformly allotted to 2 lots of steers and 
2 lots of heifers. One lot of 10 steers and 1 lot of 10 
heifers were fed rations containing each kind of silage. 
RATIONS FED 
The rations fed were composed of rolled shelled 
corn, protein-mineral supplement and the corn or 
Dual sorghum silage. The protein-mineral supple-
ment was composed of 89.8% soybean meal, 4.9% 
trace mineral salt, 3.7% ground limestone, 1.2% dical-
cium phosphate and 0.4% diethylstilbestrol premix 
(10 milligrams diethylstilbestrol per head daily when 
the supplement was fed at 2.5 lbs. daily). 
The rate of feeding for the Dual sorghum silage 
was set at 25 lbs. per head daily. An equal amount of 
dry matter was fed from the corn silage. This required 
18 lbs. per head daily of the corn silage based on the 
moisture content of the forages as stored. The corn 
grain was fed in equal amounts to all lots. It was raised 
gradually to a maximum of 8.5 lbs. per head daily. 
CHEMICAL COMPOSITION OF THE SILAGES AS FED 
Samples of each silage were taken periodically dur-
ing the experiment. Results of the analyses are shown 
in Table 2. The moisture content of each silage as fed 
Table 2. Chemical Composition of Corn and Sorghum Silage* 
Com silage Dual sorghum silage 
Moisture Moisture 
As fed free As fed free 
% % % % 
Moisture ----------------------- 55.87 70.67 
Protein -------------------------- 4.40 9.96 3.18 10.84 
Fat ---------------------------------- .85 1.92 .59 2.00 
Crude fiber ____________________ 9.1 6 20.75 5.15 17.56 
Nitrogen-free extract ____ 27.06 61.34 18.43 62.84 
Ash -------------------------------- 2.66 6.03 1.98 6.76 
*Average composition of four samples collected during the experiment. 
was slightly higher than when stored. On a dry basis, 
sorghum silage was slightly higher in protein, nitro-
gen-free extract, and ash than the corn silage. The 
sorghum silage was slightly lower in crude fiber. The 
differences are not large enough to indicate any major 
difference in feeding value between the two silages 
even though the sorghum silage had a much greater 
percentage of grain (Table 1). 
RESULTS OF THE FEEDING TRIAL 
The results of the feeding trials are presented in 
Table 3. A summary of the performance of the steers 
and heifers is shown in Table 4. Gains and feed efli-
ciencies were exceptionally good for calves of this 
weight and with the rations fed. 
CORN SILAGE VS. DUAL SORGHUM SILAGE 
Rates of gain were slightly greater for both steers 
and heifers when fed corn silage. The difference ave-
raged 4.9% more gain for the 2 corn silage lots . 
Feed requirements per 100 lbs. of gain when feed-
ing corn silage were slightly lower for both steers and 
heifers. The differences were small and amounted to 
an average of only 10.3 lbs. of total air-dry feed per 
100 lbs. of gain for the 2 lots. 
Consumption of total air-dry feed was about equal 
for the lots fed the two kinds of silage since silage was 
fed on equal dry-matter basis and the corn grain and 
protein supplement were fed at the same rates. The 
higher percentage of grain in the sorghum silage 
(51 .5% air-dry basis) resulted in the cattle being fed 
an average of 11.0 lbs. of total grain daily in compari-
son to 8.8 lbs. for those fed corn silage (22.5% grain). 
Since the sorghum silage contained considerably 
more grain than the corn silage, the proportion of con-
centrates to roughages was involved in the experi-
ment. The ration with Dual sorghum silage was 
a rather high-concentrate ration-an average of 3.99 
Table 3. Comparison of Com Silage and Dual Sorghum Silage Fed to Steer and Heifer Calve&. 
February 19-May 7, 1960 (78 days) 
Steers 
Lot number 1 
Number cattle ------------------------------------------------------- 10 
Average initial shrunk weight, lbs. ________________________ 486.2 
Average final shrunk weight, lbs. ___ _______________________ 715.9 
Average daily gain, lbs.____________________ ______________________ 2 .94 
Average daily ration as fed, lbs. 
Rolled shelled corn______ ______________ __________________________ 6.84 
Supplement* ------------------------------------------------------ 2 .5 0 
Silage ------------------------------------------------------------------- 17 .83 
Average daily ration, air-dry basis, lbs.t 
Silage -------------------------------------------------------------------- 8.94 
Grain from silaget --------------------------------------------- 2.01 
Roughage from silage§_________________________________________ 6.93 
Total concentrates, ______________________________________________ 11.35 
Total air-dry feed ________ ________________________________________ 18 .2 8 
Feed/ 100 lbs. gain, as fed, lbs. 
Rolled shelled corn _______________________ ______ ___ ___ __________ 232.3 
Supplement* ----------------------------------------------------- 84 .9 
Silage ------------------------------------------------------------------- 605 .3 
Feed/ lOOlbs. gain, air-dry basis, lbs.t 
Silage ----------------------------- ------------------------------------- 3 03 .6 
Grain from silage+---------------------------------------------- 68.3 
Roughage from silage§ ______________________________________ 235.3 
Total concentrates, -------------------------------------------- 3 85 .5 
Total air-dry feed________________________________________________ 62 0 .8 
Com silage 
Heifers 
2 
10 
462.1 
663.4 
2.58 
6.84 
2.50 
17.09 
8.57 
1.93 
6.64 
11.27 
17.91 
265.0 
96.9 
662 .0 
332.0 
74.7 
257.3 
436.6 
693.9 
Average 
20 
474.2 
689.6 
2.76 
6.84 
2.50 
17.46 
8.75 
1.97 
6.78 
11.31 
18.09 
247.6 
90.5 
631.8 
31 6.8 
71.3 
245.5 
409.4 
654.9 
"'Supplement con isted of: Soybean meal, 89 .8%; trace mineral salt, 4.9 % ; ground limestone, 3.7% ; 
0.40% ( to furn ish 10 mg DES/ head da il y). 
t Corn and supplement, as fed ; others calcu lated to 12% moistu re basis from moisture as fed . 
+Calculated to 12 % moistu re basis from moistu re as fed and proportion of g rain presented in table 1. 
§Silage dry matter less grain dry matter converted to 12 % moi tu re basis. 
~Corn and supplement as fed and grain from silage on 12% moisture basis. 
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Dual sorghum silage 
Steers Heifers Average 
3 4 
10 10 20 
489.0 461.6 475.3 
705.6 655.0 680.3 
2.78 2.48 2.63 
6.84 6.68 6.76 
2.50 2.50 2.50 
24.92 24.44 24.68 
8.31 8.14 8.23 
4.28 4.19 4.24 
4.03 3.95 3.99 
13.62 13.37 13.50 
17.65 17.32 17.49 
246.3 269.2 257.l 
90.0 100.8 95.l 
897.4 985.7 939.0 
299.1 328.5 313.0 
154.0 169.2 161.2 
145.1 159.3 151 .8 
490.3 539.2 513.4 
635.4 698.5 665.2 
dicalcium phosphate, 1.2% ; diethylstilbestrol, 
lbs. air-dry roughage to 13.5 lbs. of air-dry concen-
trates. When fed on an equal dry-matter basis as the 
corn silage, the Dual sorghum silage had no greater 
feeding value than the corn silage. 
Digestion trials were not conducted to determine 
the total digestible nutrients in the silages. The chemi-
cal analyses of the silages (Table 2) do not show major 
differences but indicate that the Dual silage should 
have had a slightly greater feeding value because of 
the lower fiber content and the slightly higher content 
in protein and nitrogen-free extract. Since it did not, 
another possible explanation for the lack of response 
to the larger amount of grain furnished by the sor-
ghum silage would he that many of the small seeds 
passed through the digestive tract undigested. Other 
workers have reported that high-moisture sorghum 
grain gave disappointing results unless the grain was 
ground or rolled. Some means of cracking the small 
seeds may be necessary in order to improve the feed-
ing value of silage made from grain sorghums. Unless 
a greater value can be obtained from high-grain sor-
ghum silage, the yield of total silage dry matter per 
acre in comparison to corn silage appears to be the 
important consideration. 
COMPARISON OF STEERS AND HEIFERS 
Results comparing steers and heifers are summa-
rized in Table 4. Heifer calves weighing an average of 
about 16 lbs. less than steers initially gained 2.53 lbs. 
daily in comparison to 2.86 lbs. for steers. This differ-
ence of 0.33 lb. daily amounted to 13.0% 
Feed consumption was about equal since feed in-
take was regulated to about an equal amount for all 
lots. When fed in this manner, the steers required 68.4 
pounds less feed per 100 lbs. of gain, a difference 
of 9.8% 
Both steers and heifers received diethylstilbestrol 
in the feed in this experiment. Steers have been shown 
to give a greater response to diethylstilbestrol than do 
heifers; therefore one would expect the difference in 
favor of steers obtained in this experiment to be great-
er than would be obtained if diethylstilbestrol was not 
fed to either steers or heifers. On the other hand, since 
rate of gain and feed efficiency is improved some in 
heifers with diethylstilbestrol, one would expect the 
differences in favor of steers to be greater if they were 
treated with diethylstilbestrol and the heifers were 
not. 
SUMMARY 
1. Dual, an early grain and forage sorghum, grown in 
the same fields as corn in 1959 yielded 2,576 pounds 
of air-dry grain ( 12% moisture) per acre in com-
parison to only 1,269 pounds of grain for the corn. 
Total yield of air-dry forage was greater for the corn 
even though it yielded much less grain. 
2. When the Dual silage and the corn silage were fed 
to steer and heifer calves on an equal dry-matter 
basis with equal amounts of corn grain and protein 
supplement, the rate of gain was 4.9% more for the 
calves fed the corn silage. Feed efficiency was 
slightly better when feeding corn silage, 10.3 
pounds less feed per 100 pounds of gain. 
3. The greater amount of grain in the sorghum silage 
(51.~% on an air-dry basis) did not result in a 
greater feeding value than the corn silage with a 
much lower amount of grain (22.5% on an air-dry 
basis). The chemical composition of the silages as 
fed did not indicate major differences in feeding 
value, but the sorghum silage was slightly higher in 
protein and nitrogen-free extract and lower in 
crude fiber. One possible explanation why the ex-
tra grain in the sorghum silage did not improve the 
performance is that much of the sorghum grain 
may have passed through the digestive tract undi-
gested. 
4. Steers gained 13.0% faster on 9.8% less feed than 
heifers when fed about the same amount of feed 
and when both were fed diethylstilbestrol. (Project 
324, Animal Husbandry Department) 
Table 4. Comparison of Steer and Heifer Calves 
February 16-May 7, 1960 (78 days) 
Corn 
'silage 
Lot number 1 
N um her cattle -------------------------------------------------------- 10 
Average initial shrunk weight weight, lbs, __________ 486.2 
Average final shrunk weight, lbs. ________________________ 715.9 
Average gain, lbs, ________________ ____________________ ________________ 229. 7 
Average daily gain, lbs._______ ___ ________________ ________________ 2 .94 
Average daily ration, lbs.* 
Total air-dry feed __________________________________ ____ ____ __ ____ 18 .2 8 
Feed/ 100 lbs. gain, lbs.* 
Total air-dry feed___________ __________________________________ 62 0 .8 
*See table 3 for ingredients in the ration. 
Steers 
Dual 
sorghum 
silage 
3 
10 
489.0 
705.6 
216.6 
2.78 
17.65 
635.4 
7 
Average 
20 
487.6 
710.8 
223.2 
2.86 
17.96 
627.8 
Heifers 
Dual 
Corn sorghum 
silage silage Average 
2 4 
10 10 20 
462.1 461.6 461.8 
663.4 655.0 659.2 
201.3 193.4 197.4 
2.58 2.48 2.53 
17.91 17.32 17.61 
693.9 698.5 696.2 
TAKE: .TI-IE:SE: PRECAUTIONS ... 
1. Stay out of the silo and the area around it after filling and 
during the following two weeks. If fumes are visible or 
gases are being given off, fence the area around the silo to 
keep children and animals away. 
2. Ventilate the silo, silo chute and surroundings by running 
the silo blower ( or other forced air ventilator) for several 
minutes, if it is necessary to work around or enter the silo 
during the first two weeks after filling. The windows and 
doors of the silo room, doors above the silage level and roof 
doors should be kept open for two weeks. Ventilation 
around the base of the silo should be designed to carry gases 
away and prevent them from drifting into other areas 
where they may cause injury to humans or animals. 
3. Before opening the silo for feeding, ventilate the silo area 
for a two-week period. Since gases could be retained under 
an air-tight silo cover, the cover should be removed with 
caution. 
4. Leave the silo area immediately whenever an irritating or 
choking sensation is felt in the nose or throat. When ex-
po.sed .to.nitrogen oxide gases, medical treatment may mini-
mize mJury. EUGENE I. WHITEHEAD 
&.sociate Professor of Biothemistry 
nit:rat:e poisons in silage 
FORAGE containing nitrates usual-1 y loses a large portion of the 
nitrate nitrogen when ensiled. 
Silage fermentation of such forage 
produces nitric oxide gas, as well 
as carbon dioxide gas. Carbon di-
oxide is commonly formed in all 
silage fermentations as the result of 
microbial and plant tissue activities 
associated with the fermentation 
process. While nitric oxide is also 
formed as the result of microbial 
and plant tissue activities during 
silage making, this gas forms in 
noticeable amounts only if large 
amounts of nitrates are present. 
Nitric oxide gas is colorless. 
It combines readily with oxygen in 
the air outside the silo, to form ni-
trogen dioxide. Nitrogen dioxide, 
a reddish-brown gas, occasionally 
may be seen issuing from cracks in 
the silo or the drain pipe or chute. 
Both nitric oxide and nitrogen 
dioxide are toxic gases. These gases 
form rapidly during the first few 
days after a forage high in nitrates 
is ensiled. Since these gases are 
heavier than air, they tend to ac-
cumulate in and around the silo. 
Enclosed areas adjoining the silo 
could trap the fumes until they are 
present in lethal amounts. Concen-
trations of nitrogen dioxide in the 
gas issuing from silos have been 
found to reach values as high as 
100,000 parts per million. Con-
trast this with the maximum toler-
able level of nitrogen dioxide 
which has been set by industrial 
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safety regulations at 10 to 25 parts 
per million. 
Poultry and livestock losses due 
to the fumes of nitrogen dioxide 
from silos have been reported. Nor 
has the farmer, himself, been safe 
around these unusual silage fer-
mentations. While working in or 
around the silos many farmers 
have become ill, with accompany-
ing coughing and shortness of 
breath. Doctors have called this ill-
ness caused by exposure to nitrogen 
oxide gases from silos "silo-filler's 
disease" or "chemical pneumonia." 
This lung-damaging malady has 
had a high fatality rate. 
Farmers ensiling forage high in 
nitrates should be cautious while 
working in or around the silo. 
The discussion which follows 
concerns small-scale silage fermen-
tations of oat plants having three 
different levels of nitrate. The · oat 
plants were grown in such a way 
that the plants contained the fol-
lowing average percentages of ni-
trate nitrogen on a dry basis: 
0.20%, 0.54%, and 0.83%. Accord-
ing to the comments in a table pre-
pared for Station Biochemistry 
Pamphlet No. 1, "Forage Nitrate 
Poisoning," which was issued by 
the Biochemistry Department, a 
forage containing 0.20% nitrate ni-
trogen ( dry basis) should be fed 
with caution, limiting the daily 
use to one-half of the total dry mat-
ter in the ration; forages contain-
ing more than 0.40% nitrate nitro-
gen are all potentially hazardous 
and it is recommended that they 
not be fed. 
Three samples of oat plants, each 
containing one of the nitrate levels 
given above, were cut to ½-to-I 
inch lengths and packed into glass 
containers. The closure used on the 
containers was equipped with an 
outlet for sampling the gases pro-
duced. Samplings of the gas were 
not made regularly, but the nitro-
gen oxides were detectable. 
After 30 days the silages were 
prepared for further analyses. The 
data are presented on a dry weight 
basis for the lowest to the highest 
nitrate samples, respectively. The 
original oat plant ash weights were 
9.74%, 10.33%, and 10.92%, show-
ing that ash weights increased with 
increases in nitrate content. The 
final ash weights of the silage were 
11.00%, 11.43%, and 11.89°/4. The 
increase in ash weight of the plant 
material brought about by fer-
mentation was 12.9%, 10.6%, and 
8.9°/4, respectively. Since increase 
in ash weight is considered to be a 
measure of dry matter loss in silage 
fermentation, it will be noted that 
dry matter loss was greatest in the 
sample containing the least nitrate. 
At the end of 30 days the nitrate 
nitrogen contents of the silages 
were 0.02%, 0.35%, and 0.56%. 
The loss of nitrate from each prepa-
ration was 90% ,. 35%, and 33%, re-
spectively, of the amount of origi-
·nal nitrate present. This shows that 
the amount of nitrate removed was 
not proportional to the original n~-
trate contents. 
The water-insoluble nitrogen 
fraction, which is sometimes called 
the "true protein" nitrogen, de-
creased about 50% in all three sil-
age preparations. On the other 
hand, the water-soluble nitrogen 
(nitrate was not included in the 
calculation) increased about three-
fold in each of the silages. Since the 
decrease in "true protein" did not 
account for all of the increase in sol-
uble nitrogen, it was apparent that 
a large amount of the nitrate nitro-
gen was converted to other soluble 
forms of nitrogen by the microor-
ganisms involved in the fermenta-
tion. From the standpoint of rumi-
nant nutrition, observations about 
these nitrogen fractions are of per-
haps more academic than practical 
interest. 
While other tests were made on 
these silages, the main point in this 
brief report concerns the disap-
pearance of nitrate during silage 
making. In the past, samples of 
corn plants have been analyzed for 
nitrates before ensiling and follow-
up determinations of nitrate in the 
silages have been made occasion-
ally for farmers. In most instances 
the silage nitrate value reached a 
safe-to-feed level; in a few instan-
ces it did not, but analysis some-
time later showed a further decline 
in the nitrate level-of the silage. 
A nitrate test is recommended 
if a farmer has frequently pro-
duced high nitrate forage in the 
past or, if because of drought, he 
suspects that the forage will be 
high in nitrates. Tests can be made 
in the field on such broad-stemmed 
plants as corn or sorghums; your 
county agent or this department 
can ad vise you on this type of test. 
Nitrate analyses are also made by 
Station Biochemistry, a charge of 
$1.50 being made for the determi-
nation. Should large amounts of ni-
trates be found in fresh forage, a 
follow-up determination of the 
amount of nitrate remaining in the 
silage would be advisable before 
feeding it. (Project 349, Station 
Biochemistry Dept.) 
In 30-day laboratory tests, researchers measure the nitrate content of oat hay dur-
ing fermentation in the ensiling process. 
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RICHARD M. LUTHER 
Instructor of Animal Husbandry 
A PPROXIMATELY 20 per cent of the total cash income of farmers and ranchers in South Dakota is de-
rived from the sale of swine. This income ranks sec-
ondly to that received from the sale of beef cattle. 
Swine are raised on approximately 60% of the 
farms in South Dakota and contribute to a total pro-
duction of nearly 3 million head-enough to place 
South Dakota among the 10 leading states in swine 
production. 
A major concern of swine producers has been in 
developing and carrying on a program leading to ef-
ficiency in production. Such a program includes the 
phases of breeding, feeding, management, and mar-
keting. The success of a well-planned and executed 
program may depend on what happens during the 
marketing phase. Excessive shrinkage, death, crip-
10 
pling, and bruised carcasses can greatly reduce the net 
return on the enterprise. 
The death or crippling of a hog caused during 
transportation immediately prior to marketing direct-
ly affects the producer. Such losses indirectly affect 
markets and meat processors, transportation firms, 
feed manufacturers and ultimately, the consumer of 
pork products. 
CAUSES OF SWINE LOSSES 
Knowledge of the causes of death and crippling 
has been learned through actual experience in swine 
marketing. Some of the common causes are: 
1. ROUGH HANDLING in sorting and loading 
for market can easily excite an animal and cause rest-
lessness during transit. A slight injury at loading 
may result in crippling or even death in the latter 
part of the trip. 
2. INADEQUATE LOADING FACILITIES, 
sorting alleys, and holding pens. 
3. OVERLOADING as well as underloading re-
sults in extensive losses. 
4. CARELESS DRIVERS or those who make sud-
den starts and stops, fail to slow down on curves or 
forget to inspect the load during shipment are like-
1 y to have excessive loss and damage. 
5. UNSATISFACTORY BEDDING in the truck 
results in slippery footing. 
6. IMPROPER PROTECTION from extremes in 
weather influences shrinkage, death loss, and general 
appearance of animals on arrival at the market. 
MAKE STUDY AT SIOUX FALLS 
The plan of this investigation was to determine 
the incidence of death and crippling losses while 
transporting swine to market and to study the re-
lationship of length-of-haul ( distance shipped) to 
the occurrence of these losses. 
Data used in this study were collected from the 
daily drive-in records (livestock delivered to the mar-
ket by truck) of the Sioux Falls Stock Yards Com-
pany, a terminal market in Minnehaha County, 
South Dakota. This market received a sufficient vol-
ume of livestock to allow a study of the incidence of 
dead and crippled swine delivered to the market 
over a five-year period, 1953-1957. The losses studied 
included only those that occurred from the time of 
loading to arrival at the market. Rail shipments 
were excluded. 
Daily swine receipts, number of deaths, and crip-
ples were classified according to day of the week, 
week of the month, and season of the year. Loss 
ratios were calculated for dead swine independently 
of crippled swine ( number of dead or number of 
crippled swine per 10,000 swine received). 
The length-of-haul phase of the study involved 
the four-year period ( 1954-1957). The origin of the 
individual shipments having a dead or cripple in 
them was determined from the postal address of the 
consignor. These origins were then classified accord-
ing to eleven mileage zones as shown in Figure 1. 
The concentric circles represent mileage zones in 10-
mile increments around the market. 
The shipments originated in Minnesota, Iowa, 
and South Dakota. The most distant origin of a 
shipment containing a dead was about 400 miles and 
a cripple about 423 miles from the market. 
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Figure 1. Mileage zones in IO-mile increments around the 
Sioux Falls Livestock Market. 
During 1954 the origin of all swine shipments ar-
riving at the market was determined for a compari-
son with shipments having losses (1954-1957). 
DETERMINE LOSS INCIDENCE 
The number of all swine received and the num-
ber of dead and crippled were calculated for each 
year involved in the study and are shown in Table 1. 
It is evident that the number of swine received is 
about 1,000 to 3,000 times greater than the number 
dead or crippled. Accompanying loss ratios are 
shown in Figure 2. The ratios for crippling were 
greater than those for deaths in each of the years 
compared. Neither percentage dead nor crippled fol-
low the pattern of receipts, particularly in 1955. This 
would indicate the influence of some factor or factors 
other than numbers received. 
Table 1. Number of Swine Received, Dead and Crippled, 
1953-1957 
Year Received 
1953 ---------------------- ----· ----- ---- 666,017 
1954 -------------------------------------- 709,059 
1955 -------------------------------------- 886,075 
1956 ---------------------- ---------------- 805,113 
1957 -------------------------------------- 743,361 
Total __ --- ------------------------------ 3,809,625 
Dead Crippled 
316 548 
360 529 
306 540 
238 498 
275 298 
1,495 2,413 
Thousand 
/000 
900 
Loss !?atio 
lrE>ceipts btt:m IO.OO 
De<nl __ 
_________ Crippled _ - B.OO 
800 
0 
/953 /.954 1955 
Year 
/.956 
6.00 
l.95? 
Figure 2. Comparison of annual swine receipts with dead 
and crippled loss ratios. 
Table 2 and Figure 3 show a comparison of 
monthly swine receipts with dead and crippled loss 
ratios. A parallel relationship of these factors occurs 
but ratios for crippled are greater than ratios for 
dead during all months except August, September, 
and October. November, December, and January 
were the high months for receipts while August was 
the low month. Death loss ratios were greatest in 
January and June with 5.71 and 4.94 respectively, 
Table 2. Monthly Swine Receipts with Dead and Crippled 
Month 
Loss Ratioo, 1953-1957 
Number* 
Received 
January ------------------------------------------ 44 5 
February ---------------------------------------- 2 89 
March -------------------------------------------- 299 
April ---------------------------------------------- 25 5 
May ______________________ __________________________ 23 9 
June ------------------------------------------------ 255 
July --------------------------------------------- 23 2 
August ---------------------------------------- 226 
Sep tern ber -------------------------------------- 2 6 5 
October ----------------------------------------- 389 
November ------------------------------------ 447 
December ------------------------------------- 469 
*Thousands of head. 
t Loss per 10,000 head. 
Tho11sa11 d 
RecelprsE 
D ead _ 
Loss ratiot 
Dead Crippled 
5.71 
3.43 
3.34 
3.61 
4.10 
4.94 
3.79 
2.43 
2.68 
3.19 
3.65 
4.80 
10.94 
8.41 
5.89 
7.14 
7.20 
7.73 
5.69 
2.74 
1.85 
2.67 
5.75 
7.51 
loss .Qotlo 
~5=-=00 ___________ Crippled __ _____ l_'4.00--l 
Jan . f:°E'b . Mar. Apr. Mag J<1ne Jvly Avg . Sept: Ocr. Nov. D,c. 
Monn, 
Figure 3. Comparison of monthly swine receipts with dead 
and crippled loss ratios, 1953-1957. 
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per 10,000 swine received. January, February and 
June had the greatest ratios for crippled swine with 
10.94, 8.41, and 7.73, respectively, per 10,000. Death 
loss was lowest in August with 2.43 while the low 
month for crippling was September with 1.85 per 
10,000. 
When the data were grouped according to week 
of the month, crippled loss ratios differed only 
slightly between weeks (Table 3, Figure 4). There 
was more weekly variation in death ratios. The num-
Table 3. Weekly Swine Receipts with Dead and Crippled 
Loss Ratios, 1953-1957 
Number* Loss ratiot 
Week Received Dead Crippled 
First ---------------------------------------------- 857 
Second ------------------------------------------ 877 
Third --------------------------------------------- 884 
Fourth ____ ___________ ---------------------------- 861 
Fifth --------------------------------------------- 331 
*Thousands of head. 
t Loss per 10,000 head. 
3.96 
4.30 
4.31 
3.16 
3.81 
6.39 
6.49 
6.12 
6.46 
6.01 
T/Jousc,nd Receipt3 p :;::::::::::=:::l Loss l?ot/o 
1/00 Deod__ 7.00 
Crippled __ 
900 ------------- 6 .00 
0 
First- Second Third Fo11rt/J 
Week 
~.00 
F!/'t!, 
Figure 4. Comparison of weekly swine receipts with dead 
and crippled loss ratios, 1953-1957. 
ber of swine received during the fifth week of the 
month in the months in which they occurred was 
lower than the other weeks due to a smaller number 
of observations. 
Daily receipts and loss ratios are shown in Table 
4 and Figure 5. Receipts were highest on Tuesday 
with death loss ratios also highest on Tuesday while 
W ednesday had the greatest incidence of crippling. 
Table 4. Daily Swine Receipts with Dead and Crippled 
Day 
Loss Ratios, 1953-1957 
Number* 
Received 
Monday ------------------------------------------ 790 
T uesday ------------------------------------------ 914 
Wednesday ____ ___ _________ ':. _____ ______________ 752 
Thursday ------------------------------------- 787 
Friday ------------------------------------------- 5 67 
*Thousands of head. 
t Loss per 10,000 head . 
Loss ratiot 
Dead Crippled 
4.09 
4.27 
4.14 
3.68 
3.19 
5.99 
6.72 
6.95 
6.49 
5.15 
T/Jovsand 
900 
Lo:ss Ratio 
Receipts ht::;:;:;:q 7. 00 
-.--....----- Deod __ 
____ . _~_;::_ppled __ 6.00 
' ' 5.00 
0 
Mondoy Tvesrioy Wednesday T/Jvrs<iay 
Da!I 
Friday 
Figure 5. Comparison of daily swine receipts with dead 
and crippled loss ratios, 1953-1957. 
Both dead and crippled loss ratios were lowest on 
Friday when hog receipts normally are lowest and 
smaller groups of hogs are delivered to market. 
LENGTH-OF-HAUL COMPARISON 
Table 5 and Figure 6 show the distribution of re-
ceipts and loss by eleven mileage zones as a percent-
age of all zones. The percentage of loss increases 
with length-of-haul up to 40 miles from the market. 
Cripple losses are greater than death losses up to 40 
Table 5. Percentage of Swine Received in 1954, withPercent-
age Death and Crippled for 1954-1957 by Mileage Zone5 
Receipts 
Mileage zone (1954) 
0- 10 -------------------------------------------- 5 .6 
11- 2 0 ------------------------------------------- 2 4 .3 
21- 30 -------------------------------------------- 22.7 
31- 40 -------------------------------------------- 21.9 
41- 50 ------------------------------------------- 8.7 
51- 60 -------------------------------------------- 8.1 
61- 70 ------------------------------------------- 4 .7 
71- 80 ------------------------------------------- 1.5 
81- 90 ------------------------------ ------------- 0 .8 
91-100 -------------------------------------------- 0 .5 
Over 100 ---------------------------------------- 1.2 
• Percentage of total received from all zones. 
P.ercr'1f 
:JO 
25 
20 
15 
/0 
0 
Percentage* 
Dead 
(1954-57) 
1.8 
8.9 
18.1 
22.l 
12.1 
12.8 
11.3 
3.2 
2.4 
1.0 
6.3 
Crippled 
(1954-57) 
3.2 
17.0 
20.2 
22.9 
10.0 
10.3 
8.6 
3.0 
1.3 
0.6 
2.9 
0-10 /1-20 · 21-!JO .!Jl--10 ,11-50 51-&0 6/-TO 7/-80 81-90 91-100 Ov,r/00 
MIieage Zone 
Figure 6. Length-of-haul comparisons of 1954 swine re-
ceipts with incidence of loss, 1954-1957. 
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miles. In all zones beyond the 31-40 mile zone the 
percentage death losses are greater than either per-
centage volume of receipts or cripple losses. 
In this study, approximately 83% of the receipts, 
63% of the deaths, and 73% of the cripples originated 
in the zones within 50 miles of the market. 
LOSSES CAN BE REDUCED 
The results of this study show a comparison of 
daily, weekly, and monthly swine death and crip-
pling losses with number or volume of swine re-
ceived. Cripple losses generally exceeded death losses. 
This may be due, in part, to the common practice of 
stockmen to ship poor-doing, lame or injured ani-
mals to market as a means of salvaging them. It was 
not possible from the available data to determine 
the proportion of these animals that were weak, 
emaciated, or injured before loading at the farm. 
It was also impossible to ascertain whether animals 
that were dead on arrival were in sound condition or 
near death at the time of loading. 
In the daily, weekly, and monthly comparisons, 
loss ratios frequently departed from the pattern of 
receipts. This would indicate that although there is 
a relationship between the number of swine mar-
keted and losses, there are other factors that influence 
the extent of the loss. 
The distance a shipment of swine travels to mar-
ket influences the incidence of death and crippling 
losses. Losses increase by zone up to 40 miles from 
market. Crippling losses are greater than death in 
the zones up to 40 miles, but the incidence is lower 
in all zones beyond 40 miles. The pattern of receipts 
by mileage zones was similar to that for crippling 
but there was some difference in the trend for death 
losses. This was probably due to length-of-haul or 
other loss associated factors. 
RECOMMENDATIONS 
The experienced stockman has learned that an 
animal will seldom injure itself if it can avoid it. 
The following experience-tested precautions should 
be taken in shipping swine from farm-to-market: 
1. Do not abuse, excite, or crowd hogs during 
sorting and loading. 
2. Keep sorting pens and loading chutes in good 
repair. 
3. A void overloading and underloading. 
4. Keep hogs separated by weight groups, by own-
ership, and from other kinds of livestock dur-
ing shipment. 
5. Use sand for truck bedding and add straw dur-
ing the winter. 
6. Protect hogs from extremes of summer and win-
ter weather during shipment to market. 
7. Use canvas slappers instead of canes, whips, 
and clubs. 
(Project 265, Animal Husbandry Dept.) 
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Dr. Peterson evaluates fruit from a 
cross between a North Dakota wild 
grape and a high quality New York 
grape, Seneca. Breeding stock is select-
ed from grapes with good cluster size 
and shape, productiveness, and flavor. 
Some s p e c i a 1 qualities from the wild 
grape which Peterson hopes to breed 
into an adapted' table grape variety for 
South Dakota are early maturity and 
hardiness. 
of the northern Great Plains, V itis 
riparia, is likely to contribute sub-
stantially to the development of a 
new fruit for South Dakota which 
offers possibilities of being better 
adapted than nearly any fruit we 
are now attempting to grow. A 
grape breeding program utilizing 
our native grapes was initiated at 
the South Dakota Agricultural Ex-
periment Station in 1953. It is 
hoped that adapted early maturing 
grapes of high quality may be de-
veloped. 
!:a4 /WdWUfU/ 
Existing vanet1es of grapes 
grown in South Dakota are gener-
ally lacking in hardiness or quality 
and the fruit tends to be too late in 
maturity. These are some of the 
same basic faults that the first settl-
ers on the eastern seaboard found in 
the European grapes, Vitis vinifera, 
that they attempted to grow as they 
established homes on the new con-
tinent. Later hybrids of the Euro-
pean grape and the native eastern 
grape, Vitis labrusca, occurred 
which resulted in well adapted 
grape varieties for the east. The en-
tire grape industry of the east is 
based on natural and planned hy~ 
brids involving the eastern native 
grape and the European grape. 
Most notable of such hybrids is the 
Concord grape, widely acclaimed 
for its excellent juice qualities. Va-
rieties of more recent origin tend 
to approach the eating qualities of 
the European grape. 
{J~ FOR SOUTH DAKOTA 
W ILD GRAPES grow in scattered areas along rivers and streams 
throughout much of our northern 
great plains as far north as the 
Canadian border, and apparently 
the grape is well adapted to our re-
gion. Fruit from these native 
grapes varies in size, acidity, and 
Ro ALD P ETERSON 
Associate Professor of Horticulture 
earliness of maturity. Generally, 
however, the fruit is small, very 
sour, and tends to mature about the 
time of the first frost of autumn. 
Unlike commercial varieties of 
grapes, the native grape is dio-
ecious; that is, it has male vines and 
female vines, so only a portion of 
the vines are capable of bearing 
fruit. Yet the wild riverbank grape 
14 
The European grape, better 
known to most of us as the "Cali-
fornia" grape, has large juicy ber-
ries with crisp flesh which adheres 
to the skin. It is drought resistant 
and very productive. Therefore, it 
seems only natural that hybrids 
should be made of selected early 
maturing native grapes and high 
quality varieties of the European 
type for the grape breeding re-
search at the South Dakota Experi-
ment Station. 
The first hybrids of our native 
Great Plains grapes and high qual-
ity varieties of the European type 
started bearing fruit in 1958. Prior 
to 1958 many of the young seed-
lings of some progenies died due 
to a lack of hardiness or a lack of 
vigor. However, the seedlings of 
other progenies have shown re-
markable hardiness. Certain of the 
French hybrid varieties of grapes 
have transmitted considerable 
hardiness to their off spring. Some 
French hybrid varieties have also 
transmitted high productivity and 
large cluster size to their progenies. 
The highest quality of fruit has 
been observed in the progeny of a 
European grape variety called 
Pearl of Csaba and in the progeny 
of a European type grape from 
New York called Golden Muscat. 
The progenies of several European 
grape varieties are too young to 
fruit, so more outstanding parents 
in transmitting high quality may 
be found. 
It has been observed that selected 
early maturing native grapes from 
the Bismarck, North Dakota, area 
transmit much earlier maturity 
and possibly higher quality to their 
progenies than grapes native to the 
Sioux River area near Brookings. 
Using Golden Muscat, for ex-
ample, as a common high quality 
grape parent, the seedlings have 
generally failed to mature their 
fruit before frost if the Sioux River 
wild grape was one parent, but all 
the fruit within the progeny has 
matured each year if the Bismarck 
wild grape was one parent. 
During the summer of 1960 a 
collecting trip was made into 
North Dakota and eastern Mon-
tana in an effort to find earlier ma-
Hybridizing wild grapes with commercial varieties of high 
quality results in a few very productive vines (upper right). 
Some of the first generation crosses have well-shaped clusters 
of good size (below left-four large clusters) as compared 
with the wild grape (below left-small cluster at upper right). 
Crosses among selected first generation plants are used to pro-
duce the second generation (lower right) from which it is 
hoped high quality varieties adapted to South Dakota condi-
tions may be selected. 
turing and hardier native grapes 
for use in breeding. It is believed 
that some of the native material ob-
tained may contribute substantially 
to our breeding program. 
Selected hybrid grape plants 
were self pollinated and also hy-
bridized with other selected vines 
in 1959 and 1960. This second gene-
ration of plants is now being 
grown and they should start to 
bear fruit in about 4 years. Before 
they come into bearing, a high per-
centage of these second generation 
plants will die because they are not 
adapted. Most of the surviving 
plants will produce fruit of poor 
quality. However, it can be ex-
pected that a few will approach the 
wild grape in hardiness and also 
possess many of the fine characters 
of the European grape. Results 
from the grape breeding research 
to date are encouraging; they indi-
cate that improved grape varieties 
may be developed for South Da-
kota. (Project 252. Horticulture 
Dept.) 
the future of the 
SMALL 
TOWN 
in south dakota 
THE RURAL COMMUNITY HAS 
A NEW PROFILE, MOLDED BY 
C H A N G I N G POPULATION 
TRENDS THAT AFFECT FARMS, 
INDUSTRY, AGE GR O U PS, 
SCHOOLS, AND ORGANIZA-
TIONS IN S M A L L TOWNS 
DOUGLAS CHITTICK 
Professor of Rural Sociology 
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W HAT 1s the future of the small town in South Da-kota? This question is often asked now that 
some of the 1960 census data has been released. 
Many groups are interested in the trends for all 
sizes of trade centers in South Dakota. The farmer is 
interested because it may affect his way of life. The 
size of a trade center with reference to roads is related 
to school facilities for his children, to marketing his 
produce, and to the purchase of his supplies as he be-
comes more specialized and dependent upon trade 
centers. 
Business men are interested because of the compe-
tition from other town centers, new products, and the 
changing number of consumers. Leaders of social 
institutions are concerned because of the problems of 
support and loyalty. Governmental agencies are also 
concerned from the standpoint of services and the 
justification of expenditures and taxes. 
The growth and decline in the population of 
town centers is closely related to changes in all seg-
ments of the population. To appraise the trends and 
the future of small towns, it is necessary to consider 
the trends in the urban, rural-farm, rural-nonfarm 
population as well as the total population in the state. 
The changing social and economic functions of all 
trade centers, large and small, are affected by changes 
taking place in the state's population. 
The statistics in this report have been taken from 
the following data : the U.S. Census Reports for the 
total population in the state for 1960 as well as the 
population for all towns and cities; the 1954 Census 
of Agriculture, and the preliminary agricultural re-
ports for 1959; the vital statistics of the State Depart-
ment of Health; and Dun and Bradstreet reports. The 
Census Bureau has not yet released the breakdown 
between rural:-farm and rural-nonfarm population. 
An estimate was made of the rural-farm and 
rural-nonfarm population on the basis of the de-
crease in the number of farm operators and farms as 
given in the 1954 and 1959 agricultural reports. This 
estimate is difficult to make because the agricultural 
reports do not cover the full or exact 10-year period 
for the 1950-60 decade. There is also the question con-
cerning whether or not changes were made in the 
application of the rural-farm and rural nonfarm defi-
nitions for the 1960 census. 
According to this estimate, the rural-farm pop-
ulation has continued to decrease - about 17% 
since 1950. The rural-nonfarm number has remained 
about the same, but an increase of about 11.2 is esti-
mated between 1950-60. Official figures are not yet 
available. 
Rural-farm population includes those living on 
isolated farmsteads who are engaged in agriculture 
for a livelihood. The rural-nonfarm population in-
eludes trade centers of less than 2,500 persons and a 
miscellaneous group we shall classify, for lack of a 
better term, as those living in "fringe" areas ( see 
Figure 1 and Table 1). · . 
Fringe area inhabitants are those living on farms 
but are not engaged in agriculture, many of whom 
commute from their homes to cities to work. An in-
creasing number make their permanent homes on 
lake shores and rivers; others live near military and 
missile establishments. String developments include 
many who live along highways outside incorporated 
areas of cities and towns, in unincorporated suburbs; 
others live in small business-residences at cross-roads 
between trade centers. 
*Table I. Percent of Total Population That Was Rural-Farm, 
Rural-Nonfarm, and Urban, 1900-1960 
Segments of the Years 
State's population 1900 1910 1920 1930 1940 1950 1960 
Urban ________ __________ i O .2 13.1 16.0 18.9 24.7 33.2 39.3t 
Rural-nonfarm ____ ------ 27.1 24.9 27.6 28.0 29.8t 
Rural-farm __________ ------ 56.9 56.2 47.7 38.8 30.9t 
Total farm __ ______ 89.8 86.9 84.0 81.1 75.3 66.8 60.7t 
*This table supplements Figure 1. 
t 1960 census figures include 736 people of North Sioux City and classi-
fied as urban. 
t Estimates on basis of available data from 1960 census reports. 
We are concerned in this article with the small 
towns in the rural-nonfarm segment of the popula-
tion; population centers from the smallest hamlets 
to places with not more than 2,499 people. Since 
there was a decrease in the aggregate population of 
these small towns as given in the 1960 census as com-
pared with 1950, the increase in this segment of the 
population must be accounted for in the fringe areas 
referred to above. 
RECENT CHANGES 
There has been a change since 1950 in trends in 
the growth and decline of small trade centers. The 
numerical change for most of these centers is not as 
significant as this new change suggests for the future. 
As of 1950, town centers with from 1,000 to 1,500 
persons were increasing in size and quite generally 
the larger these places were over 1,000 the greater 
their increase in size. This trend and increase was 
greater for centers over 1,500. An exception was the 
increase in size of county seats with as few as 500 
people. 
-Trade centers under 1,000 were decreasing in 
number and size, and the smaller they were under 
1,000 the greater their decrease. Since 1950, some 
smaller centers have grown slightly, but most have 
continued to decrease in size. 
Undoubtedly the rural-farm population decreased 
to a point between 1950-60 where many centers do 
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not have the farm population supporc to continue 
holding their population. In other cases strategic lo-
cation with improved transportation facilities and 
specialized activities has affected growth. 
CHANGES UP TO 1950 
Before we analyze these factors, however, we 
should look at trends in the growth and decline of 
trade centers over a period of time leading up to 
1960. We should consider some of the factors that af-
fected or are related to those trends. This will give us 
a better perspective for judging the future of our 
small towns. 
The great exodus of farm population from South 
Dakota during the 1930's, due largely to a complex of 
related factors such as mechanization, transportation, 
merchandizing, specialization and communication, 
brought a change in the dependence of farm people on 
their nearest trade center. 
These trade centers were forced to specialize in 
their services. As farmers decreased in number and be-
came more specialized, small trade centers could not 
provide all the services needed. This meant that other 
trade centers had to supplement these services. Farm-
ers became dependent upon more than one trade cen-
ter-sometimes up to three or four. 
Each of the centers specialized in certain goods. As 
James A. Quinn points out in Urban Sociology,1 
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Figure I. Percent of total population that was rural-farm, 
rural-nonfarm, and urban, 1900-1960. 
farmers came to depend upon the nearest trade center 
for "convenience" goods. These are needs standard-
ized in price and quality and are purchased often, 
such as groceries, gasoline, magazines, and cigarettes. 
These goods also include items that farmers most like-
1 y forget to purchase when they visit larger centers. 
The merchant in this case does not have to keep a large 
inventory and operates on volume of business. 
The same farmers travel further to a larger town 
1James A. Quinn, Urban Sociology, American Book Co., New York, 1955, 
pp. 66-70. 
1960 
for "shopping" goods, Quinn says. These are goods 
they do not purchase as often and those in which some 
personal tastes may be made, such as shoes, dress cloth-
ing, and special hardware items. 
Quinn also points out that farmers will go still less 
often to a distant city for luxury goods such as jewelry 
and custom furniture-items that can be supported 
only in the larger centers because of the large amount 
of money tied up in inventory. 
Farmers are likely to purchase "convenience" 
goods while in the city or shopping centers. This 
means there is considerable overlapping of trade and 
service areas for serving not only farmers but people 
who live in hamlets, villages, and small towns. 
CHANGES IN 1960 CENSUS 
Long-term trends and factors related to changes 
leading up to 1950 continue between the 1950-60 dec-
ade in many respects, but the 1960 census data fore-
tells still more changes in the constellation of future 
trade centers. 
It is quite apparent that the urban population will 
continue to grow. Percentage of increase between 
1940-50 was about 37% while there was a 23.3% in-
crease between 1950-60. There were 25 cities in South 
Dakota in 1950 and the same number in 1960. Two 
cities in 1950 dropped below 2,500 people by 1960, but 
Chamberlain and Fort Pierre took their place by mov-
ing into the urban class. 
Only four cities decreased in size during the dec-
ade. Increases for smaller cities were slight. The most 
growth was in Sioux Falls and Rapid City. 
An interesting point in Table 2 is that the total in-
crease for the state between 1950 and 1960 was 27,774 
while the increase for the same decade in our cities was 
50,470. This increase in urban growth had to come not 
only from the state's total increase but also from the 
rural-farm or fringe area of the rural-nonfarm popu-
lation. 
This is still more interesting when we consider 
"potential" population increases for the state on the 
basis of natural increase. ("Potential" population: 
That population that accrues or adds to a given area 
in a given period of time resulting from natural in-
crease-births minus deaths-exclusive of the influ-
ence of migration, according to Marvin P. Riley and 
Jeanne Biggar) .2 
If we add the potential population increase of 
121,736 between 1950-60 to the state's total population 
in 1950, the estimated 1960 population for South Da-
kota would be 774,476 instead of the actual population 
of 680,514. Then if we subtract the actual population 
increase in the state between 1950-60 (27,774) from the 
2"South Dakota Population," Rural Sociology Pamphlet 12 1, SDSC Agri-
cultura l Experiment Station, p. 25. 
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Table 2. Comparison of Various Segments of the Population 
in South Dakota, 1950-1960 
Figures in parentheses represent the number of trade centers. 
Segments of South 
Dakota's population: 
Total population of: 1950 
Urban Segment 
Urban ; cities, 2,500 
1960 Differences 
or more people __ ____ 216,710(25) 267,180(25) + 50,470 
Rural-Nonfarm Segment 
Trade centers: 
1,000 to 2,499________ 53,628(36) 
Trade centers: 
Under 1,000 ________ 82,148(241) 
Rural and urban 
Fringe ~----------------- 46,709 
Total ------------------------ 182,485(277) 
53,641(37) + B 
80,771(245) -1,377 
68,480* +21,771 
202,892(282) +20,407 
Rural-Farm Segment 
Those living on 
isolated farmsteads 
and engaged in 
agriculture ______________ 253,545 
Total state 
population _______________ 652,740 
*Estimates. 
210,442*t -:-43,103 
680,514 +27,774 
i-The population of many of the hamlets, formerl y listed as unincor-
porated places in the census, is included in this category. 
potential increase (121,736), we can estimate the ex-
tent of migration from the state. Thus, the state has 
lost an estimated 93,962 persons from out-migration 
during this IO-year period. 
This estimate of potential population increase is re-
lated to the future of the small town in South Dakota 
in that, if and when, additional industries are estab-
lished, there will be less out-migration and the state's 
total population will increase. Many of these persons 
would probably live in small towns. 
CHANGES IN SMALL CENTERS 
Rather than a general decrease in the size of trade 
centers under 1,000 and an increase in those over 1,000 
or 1,500 as was true up to 1950, it looks as though some 
of the smaller trade centers are increasing in size while 
most of them continue to decrease in size. Of the 
places under 1,000 in 1960 it was found that 172 cen-
ters decreased in size since 1950 and 70 centers in-
creased. 
There was no change in a few trade centers and 
the population for some others could not be found 
for the purpose of making comparisons presumably 
because they had reverted to rural-farm or rural-non-
farm population. The increases or decreases for most 
places were relative! y small. The total decrease for 
all these trade centers for the decade was 1,377 ( see 
table 2) . 
During the 1950-60 decade, some centers under 
1,000 and located near larger cities, particularly near 
Sioux Falls on all-weather hard surfaced roads, in-
creased in size. Some examples are Garretson, Colton, 
Baltic, Harrisburg, Hartford, and Valley Springs. 
Many of the people in these small places commute to 
and from Sioux Falls to work. Living in the small 
towns reduces costs such as taxes and rent. 
As industry grows in South Dakota we can expect 
the population to increase still more in small trade cen-
ters surrounding the larger cities. 
Trade centers in or near Indian reservations have 
had small increases. Other small, county seat trade 
centers increased in size in Indian areas, but some of 
these increases may be attributed to the fact that they 
are county seats. Eagle Butte increased in size be-
cause the Cheyenne Agency was moved to that loca-
tion. 
Nearness to competing town centers seems to ac-
count for the increased sizes of some trade centers and 
a decrease in others. Larger towns under 1,000 popula-
tion, such as county seats located significant distances 
from cities, have grown while some of the surround-
ing smaller trade centers decreased. No doubt some of 
these small towns are supplementing the support that 
these larger towns lost from the surrounding decreas-
ing farm population. 
FUTURE OF SMALL TOWNS 
Increases and decreases in the population of trade 
centers under 2,500 for the 1950-60 decade is not as 
significant as what the change means for the future. 
It is safe to say there will not be the general trends 
after 1960 as were found from 1930-50. 
The rural-farm population has decreased to a point 
where the farm support of town centers must go be-
yond their present trade area boundaries. This will be . 
a factor for the continued population decline of 
many small trade centers, but the influence of other 
factors will affect growth for some. A few will grow 
significantly. Some of the larger town centers between 
1,000 and 2,499 will decrease while most of them will . . . 
mcrease m size. 
CONTINUED DECREASE 
Economists tell us that we still have farms too 
small to cover their costs and leave anything for the 
family. For this reason the farm population will be-
come smaller as farm units become larger and fewer 
in number. The following example will help make 
this clear. 
South Dakota State College Economist Russell L. 
Berry tells us that South Dakota has only a few 
counties where farms will gross $30 per acre on the 
average. Suppose these farms have $6,000 of fixed costs, 
including depreciation on farm machinery, interest on 
the money borrowed for machinery, taxes, insurance, 
and minimum family living expenses. Many will 
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have more expenses, but $6,000 may be used as an 
example. 
In addition to fixed costs, the farmer must pay his 
variable costs of at least $5 per acre for such needs as 
seed, fuel, and weed spray. If fertilizers are used the 
cost may be doubled. If the land produces $30 gross 
per acre, at least $10 must be used for rent or, if he 
owns the land, interest on his investment, a manage-
ment charge, taxes, and depreciation, repairs and in-
surance on buildings must be included. These costs 
are $15 to $20 per acre. Because they vary with the 
acres farmed, they are referred to as variable costs. 
Considering these facts, how many acres must 
such a farmer have in order to "break even"? Figures 
for four different sized farms are given in Table 3. 
These figures show that 200 acres are only 
enough to cover the total fixed costs; at least 400 acres 
are necessary to "break even" in the most productive 
counties of South Dakota. In the rest of the state 
where the gross income is lower, larger acreages of 
cropland are necessary. 
Table 3. Estimated Income and Costs for Sizes of 
Farms Indicated 
Acres 
Size of farm (crop acres) 100 200 300 400 
Gross income, $30 per acre $3,000 $6,000 $9,000 $12,000 
6,000 
6,000 
Costs 
.equal 
mcome 
(Break-even) 
Less: Total fixed costs _______ 6,000 6,000 6,000 
Less: Total variable costs ___ 1,500 3,000 4,500 
Total profit, if any ______________ -4,500 -3,000 -1,500 
These facts are significantly related to the future 
of small towns when we consider that 12% of the 
farm units in South Dakota had less than 260 acres 
of land in 1954; the size of units vary with different 
types of agriculture. 
Sixteen percent of farm units in the South James 
River area, 16% in the Northwestern area, and 23% 
in the Southeastern section of the state were of less 
than 260 acres. The percentages given above would 
be higher if the breakdown of farm units were reck-
oned for units under 400 acres. This means fewer 
rural people in the future, reducing the economic 
support of especially small trade centers. 
SCHOOL REORGANIZATION 
If school district reorganization is accepted and 
promoted in the immediate future, it is likely to effect 
a differential growth and decline in trade centers or 
at least stabilize the population of some of the small-
er towns and influence growth for the larger ones, 
especially county seats. Under present conditions, 
many gradeschool pupils as well as highschool stu-
dents living near but outside of a small trade-center 
school district will go greater distances to a larger 
school where they are likely to have better educa-
tional opportunities. With larger districts the ad-
ministrative school centers are likely to be located in 
the larger trade center. These more often are the 
places growing in size. The size of some of the small-
er surrounding towns in the same district will be 
stablized if they become attendance centers for grade 
schools and especially junior high schools. Many 
of these students who formerly traveled greater dis-
tances to the larger schools will be assigned to these 
nearby smaller centers in the same district. The facil-
ities and instruction under reorganization would 
likely be equal for the lower grades to that of the 
larger school in the district. Small towns not selected 
as attendance centers would lose residents as im-
proved transportation facilities make it possible to 
transport students to the larger towns. 
RETIREMENT OF OLDER CITIZENS 
In the past, farm people usually retired to neigh-
boring towns. Because small towns are most numer-
ous, a large percentage of retired agriculturists are 
found in small trade centers. In fact, small towns are 
often referred to as "the old peoples' homes in 
America." 
South Dakota has its share of persons over 65. 
Since 1940 we have had a higher percentage of those 
65 years of age and over than the average percentage 
for all states in 1950. Almost one person in every eight 
in small towns in South Dakota in 1950 was 65 years 
of age and over (See Table 4). 
Estimates are that the national average will be 15% 
by 2000 A.D. On the basis of these trends, the per-
centage of persons 65 years and over in South Da-
kota will be more than 15% by that time. 
The 1960 census data, when it is available, will 
likely indicate a decrease in the number of retirements 
in the small town and an increase of retired persons 
in the larger trade centers in the rural-nonfarm seg-
ment of the population. The percentages will show a 
slight increase in city retirements. 
Small county seats and trade centers from 1,500 to 
2,499 will likely have an increased number of persons 
65 and over. Our older citizens prefer to be near medi-
Table 4. South Dakota Population and Population 65 Years 
of Age and Over for the Urban, Rural-Farm, and Rural Non-
farm Segments for 1950 
Population 65 years 
Segment of 
Population 
Population of age and over 
Number Percent Number Percent 
Urban ____________________________ 216,710 
Rural-Nonfarm ___________ 182,485 
Rural-Farm __________________ 253,545 
State totals ___________________ 652,740 
32.3 
28.0 
38.8 
100.0 
18,837 
22,537 
13,871 
55,245 
8.69 
12.37 
5.47 
8.46 
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cal facilities which are located almost exclusively in 
the larger places. Many of the social services as well 
as new retirement centers are being located in larger 
towns and cities. Social security payments will boost 
this trend if allowances are increased. 
"HINTERLAND" INDUSTRIES 
A factor which could stabilize and often affect 
growth in some small trade centers is the establish-
ment of some industry or specialized business. In such 
cases a town center has its small trade area for "con-
venience'' goods, but its specialized industry has a 
"hinterland" that includes the trade and service areas 
of neighboring towns. A neighboring trade center 
may also have its own hinterland for some different 
specialized business. 
In one of our small towns near a larger city, a pro-
duce industry operates and does business within a ra-
dius of from 50 to 100 miles. Large trucks, each capa-
ble of transporting 5,000 to 13,000 live chickens to 
canneries are used. These trucks are designed so that 
the chickens may be watered and fed enroute. 
Another neighboring town has a milk drying 
plant which covers more or less the same "hinterland." 
Another has a honey industry where tons of honey 
are extracted and processed. Still another has a large 
furniture and appliance business that does a signifi-
cant amount of television advertising, thereby selling 
over a wide area. A surprisingly large number of 
South Dakota towns have "hinterland" industries, 
some of which may be classed as large operations. 
Civic-minded persons are becoming more con-
scious of the possibilities for their trade centers from 
success stories concerning communities in recent pub-
lications and through state agencies such as the In-
dustrial Development Expansion Agency (IDEA). 
With this encouragement, more communities are like-
1 y to establish specialized businesses and industries in 
the future. 
In conclusion, a word of caution: It is not possible 
for all trade centers to increase in size. Both the limita-
tions and possibilities of each community should be 
given thorough study. Growth or decline, however, 
the first concern should be to forge a better place 
to live. A great number of young people will continue 
to be educated, receive religious instruction, and gain 
experience in government in both large and small 
centers. The degree of mature citizenship these young-
sters attain is dependent largely upon the kinds of tra-
ditions established in town centered schools, churches 
and governing bodies. 
Our prjmary responsiblity is to establish worthy 
traditions in our trade centers, large or small. 
In experiments at the sheep pens, different hormones are tested to induce reproductive activity in anestrous ewes. 
Planning THE LAMB CROP 
J. F. WAGNERandL. F. BusH 
Assistant Professor of Zoology and Associate Professor of Animal Husbandry 
FOR 3 to 4 months during the late spring and summer when the ewe is neither carrying nor nursing a 
lamb, she grows wool but otherwise brings no appre-
ciable return to the sheep producer. Efficency of pro-
duction could be increased if the ewe was in produc-
tion most of the year. 
LAMB MORE OFTEN 
What are the values of two lamb crops a year or 
three crops every 2 years? Even considering that some 
extra labor is involved, there are a number of reasons 
why this type of reproduction program would benefit 
the sheep producer. 
1. It would mean more lambs per breeding ewe per 
unit of time. 
2. Lambs dropped early in the fall have less parasite 
problems and, in general, make faster, more effi-
cient gains. 
3. There is greater supply of concentrate for creep 
feeding of fall lambs. 
4. It would spread the marketing of lambs through-
out a greater portion of the year. Lambs ready for 
market between January and March usually bring 
higher prices. 
5. There is the possibility that lamb available to the 
consumer throughout a greater portion of the year 
would result in an increased consumer demand for 
this type of meat. 
It is possible to put the ewe to work during this 
period ( anestrous) by having her produce another 
lamb. Several approaches by various investigators 
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have been used to induce a fertile estrus (heat) period 
in the ewe during the early and late spring months. 
A certain measure of success was attained and many 
of the more fundamental problems solved. However, 
the procedures used were impractical, usually because 
of the amount of labor needed to inject the hormone 
required for fertile reproductive activity. For example, 
16 to 19 injections over an 18-day period were requir-
ed for the best results. 
USE HORMONES 
In experimental studies at South Dakota State Col-
lege a program has been started on the hormonal in-
duction of reproductive activity in the anestrous ewe. 
Preliminary studies show that under field conditions 
with hormones and procedures used in the past, treat-
ed ewes lambed an average of between 25 and 30%. 
In current experiments researchers are using a pro-
gestational compound that is exceptionally potent 
when administered in the feed. Because this consti-
tutes a large portion of the treatment, efficiency in-
creases along with a more precise control of the hor-
mone action. Orally active hormones that can be ab-
sorbed in the gastrointestinal tract and retain activity 
are easy to administer, and the resulting reduction in 
labor is obvious. 
In most breeds of sheep, the inherent reproductive 
activities cease for a time during the spring and sum-
mer months. Any experimental design for inducing 
normal reproductive activity is based upon determin-
ing what these mechanisms normally are and dupli-
cating them as closely as possible in the anestrous 
ewe. This duplication can be approached in two ways: 
1) by simulating the environment of the breeding sea-
son, or 2) by duplicating the hormone pattern of the 
cycling ewe. The research at State College uses the lat-
ter approach. This method essentially involves a two-
or three-hormone sequence applied over a 16- to 19-day 
period. 
The following is a brief explanation of the specific 
hormones used, their method of administration, and 
their effect upon reproductive phenomena. 
Progestational compounds: Compounds of this 
type are now being used which are orally active and 
are administered in the feed over a 16-day period. 
They are required for two purposes: 1) to inhibit all 
anestrous ovaries even though they are not as active as 
they are during the breeding season, 2) to increase ac-
tivity of estrogens in producing estrual (heat) behav-
10r. 
Follicle-stimulating compounds: Within 24-48 
hours after the progestational compounds have been 
removed from the feed, this hormone is given by injec-
tion. This causes the immature follicles containing the 
ova (eggs) to grow to maturity and within a 2- to 3-day 
period to ovulate (break) and deliver the ova to the 
fallopian tube (oviduct) for fertilization by the sperm 
of the ram. These same follicles, as they grow, produce 
more and more estrogen; one of the functions of estro-
gen is to bring the ewe into estrus. 
Estrogen compounds: This hormone is injected 24-
New Publications 
The most recent publications of the Agricultural 
Experiment Station and Cooperative Extension Serv-
ice are listed below. Copies are available in your 
county agent's office or from the Extension Bulletin 
Room, South Dakota State College, College Station, 
Brookings. 
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fS59 Equipment Costs for Different Size Cattle Feedlots 
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36 hours after the follicle-stimulating hormone. In 
some situations, this hormone is not necessary because 
the follicles themselves produce enough estrogen to 
induce estrus. However, in experimental studies, this 
hormone has been used to increase the number of ewes 
coming into heat from a given treatment. 
Experiments are conducted with variations in the 
particular hormone selected, dosage used, and timing 
of treatment. The work is still experimental; progress 
is steadily recorded and at this writing, the results have 
ranged from 25% to 83% of the treated ewes lambing. 
However, a great deal of fundamental research is nec-
essary before any particular hormone or treatment can 
be properly evaluated. For example, the surgical pro-
cedure necessary to evaluate the effect of the hormones 
on the ovary of a living animal is expensive and time-
consuming with respect to equipment, supplies, and 
labor. Also, because of finances and time, experimen-
tal numbers have been low and the speed with which 
this program can be implemented is limited. 
The immediate objective has been arbitrarily set 
for at least 50% fall lambing of the ewes treated in the 
spring. Under some management conditions, it might 
be practical to have a lambing percentage as low as 
25% in the fall; under other conditions, such as large 
range flocks, it possibly would not be practical at all. 
This would, of course, depend upon how intensely the 
breeder would want to manage his flock, market con-
ditions, and facilities and capital necessary to institute 
this particular program. (Project 355, Entomology-
Zoology Dept.) 
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TWO NEW 
CORN HYBRIDS 
RELEASED BY SOUTH DAKOTA ST ATE COLLEGE EXPERIMENT STATION 
SEED OF South Dakota 240 and South Dakota 620, two new 
corn hybrids, has been released for 
increase to commercial producers, 
and limited quantities of certified 
double cross hybrid seed should 
be available to farmers for plant-
ing in 1962. 
The new hybrids were developed 
by the South Dakota State College 
Experiment Station and released 
for increase through the South Da-
kota State College Foundation 
Seed Stocks Division. In 1960, the 
Foundation produced a limited 
amount of seed of single crosses 
for each hybrid, making possible 
this year's release to commercial 
producers for double cross seed 
field plantings. 
SOUTH DAKOTA 240-MATURITY 
AND PERFORMANCE 
South Dakota 240 is adapted for 
Brookings and area north. The ma-
turity of South Dakota 240 falls be-
tween that of the two previously re-
leased hybrids, early maturing 
South Dakota 220 and South Dako-
ta 250. Since a considerable maturi-
D. B. SHANK and C. M. N AGEL Professor of Agronomy and Head, Plant Pathology 
ty gap exists between these two 
hybrids, South Dakota 240 should 
fill a real need. As may be seen 
from Table 1, South Dakota 240 
fell between South Dakota 220 and 
South Dakota 250 in percentage of 
moisture at harvest time in all of 
the tests reported. However, it was 
closer to South Dakota 250 in this 
respect than to South Dakota 220. 
Yield-wise South Dakota 240 
either has been equal to, or has ex-
ceeded the two older hybrids in 
all trials except the one at Brook-
ings in 1960 where South Dakota 
250 produced more corn. Indica-
tions are that South Dakota 240 
may yield relatively well where 
moisture conditions become limit-
ing. For example, it performed as 
well, or better, than either South 
Dakota 220 or South Dakota 250 
at Brookings in 1958 and 1959. 
Corn yields in both these years were 
hurt at this location by drought 
conditions. 
Neither stalk nor root lodg-
ing were very serious in any of the 
tests. However, indications are that 
South Dakota 240 will perform 
well in these respects. South Da-
kota 240 has dark green leaves and 
a rather sturdy st;tlk of about the 
same height as that of South Da-
kota 250. It develops ears of uni-
form size and of excellent quality. 
PEDIGREE OF SOUTH DAKOTA 240 
The pedigree of South Dakota 
240 is (SD26 x B8) (Oh56A x SD-
Pl ). The single cross made up of 
South Dakota inbred SD26 and 
Iowa inbred B8 is the same one that 
is used as the female parent of the 
double cross South Dakota 220. It 
makes an excellent seed parent be-
cause it produces a high percent- . 
age of medium flat kernels of good 
quality. The other single cross is 
composed of Oh56A, an Ohio in-
bred line, and SDPl, an inbred de-
veloped in the root rot resistance 
program of the South Dakota 
State College Plant Pathology De-
partment. This inbred possesses, 
and apparently contributes to its 
hybrids, resistance to root and stalk 
rots. In additon, it combines well 
with many other lines to give high 
yielding hybrids. 
Table 1. Performance Record of South Dakota 240 in Comparison with South Dakota 
Hybrids 220 and 250 at Two Locations and Three Years 
Hybrid 
Yield 
bu./A. 
South Dakota 240 (Experimental 50)_____ _____ 57.1 
South Dakota 220 ----------------------------------------- 52.5 
South Dakota 250 ------------------------------------------ 63.3 
South Dakota 240 (Experimental 50) ____ __ ___ _ 
South Dakota 220 -------·-··---------------------------------
1960 1959 (Test 1.) 1959 (Test 2.) 
Moisture Yield Moisture Yield Moisture 
percent bu./ A. percent bu./ A. percent 
Brookings County 
22.4 31.8 
16.5 31.1 
24.5 26.0 
Codington County 
24.9 
18.4 
26.8 
37.5 31.3 
34.7 27.7 
23 
25.3 
23.4 
24.9 
24.2 
20.3 
27.1 
1958 
Yield Moisture 
bu./ A. percent 
35.9 31.6 
26.0 34.7 
SOUTH DAKOTA 620-MA TURITY 
AND PERFORMANCE 
At present only two South Da-
kota hybrids, 604 and 622, are 
adapted for the southeastern cor-
ner of the state. The new hybrid, 
South Dakota 620, will also fit into 
that area. As may be seen from the 
percentage of moisture at harvest 
time, as presented in Table 2, it is 
almost of the same maturity as 
South Dakota 622 and it may be 
grown in the same areas as that 
hybrid . It is slightly later than 
South Dakota 604. 
Dakota 604 it has out-yielded that 
hybrid. When compared with 
South Dakota 622 it out-yielded 
that hybrid in 1956 and 1957 and 
was below that hybrid in 1958 and 
1960 (Table 2). Apparently weath-
er conditions prevailing at the test 
determined which hybrid yielded 
the most bushels per acre. How-
ever, over the 4-year period South 
Dakota 620 had a higher yield av-
erage than South Dakota 622. 
PEDIGREE OF SOUTH DAKOTA 620 
The pedigree of South Dakota 
620 is (WF9 x 38-11) (SD17 x Oh-
41). The single cross (WF9 x 38-11) 
should be the female parent. Both 
inbreds in this cross are old estab-
lished lines and the characteristics 
of their hybrid are well known. 
The male single cross (SD17 x Oh-
41) is not particular! y high yield-
ing because the two inbreds are 
related, both having L317 in their 
ancestry. The plant color of this 
single is dark green. Its ears have 
kernels which are only slightly 
dented and are covered by tight 
husks. (Project 66, Agronomy De-
partment and Project 185, Plant 
Pathology Department.) 
In two seasons where South Da-
kota 620 has been tested with South 
South Dakota 620 produces av-
erage size plants with rather dark 
green foliage in its area of adapta-
tion. Ear and kernel quality is 
good. 
Table 2. Performance Record of South Dakota 620 in Comparison with South Dakota 
Hybrids 604 and 622, and an Adapted Private Hybrid 
Yield 
Hybrid bu./ A. 
South Dakota 620 (Experimental 23) __________ 110.4 
South Dakota 604 ---------------------------------------- _____ _ 
South Dakota 622 ------------------------------------------ 119.5 
Competitive private hybrid __________ _________________ 103.1 
1960 
Moisture 
percent 
31.7 
31.1 
28.1 
'*' South Dakota 620 was not tested in 1959 because of lack of seed. 
1958* 
Yield Moisture 
bu./ A. percent 
66.0 13.9 
70.1 13.4 
64.5 12.8 
1957 1956 
Yield Moisture Yield Moisture 
bu./ A. percent bu./ A. percent 
52.8 25.4 57.6 13.l 
33.1 23.1 43.8 10.5 
46.3 26.0 47.1 13.4 
39.8 19.6 53.1 11.5 
The Effects of 2,4-D on Tomato Plants 
THE WEED KILLING chemical 2,4-D can cause seri-ous damage to broad leafed crops. It is quickly ab-
sorbed by the leaves and transported throughout the 
plant. Only a trace of the chemical is needed to dam-
age susceptible plants. 
Tomatoes are very sensitive to 2,4-D. It doesn't 
have to be sprayed directly on the plants. The active 
ingredient of 2,4-D may be carried by air currents and 
cause injury at a distance of a mile or more from the 
sprayed area. The drift of 2,4-D fumes or spray de-
pends upon the wind currents and other environ-
mental factors. Sometimes this can do a lot of dam-
age without the tomato grower knowing the cause. 
Tomato plants in all stages of growth are suscept-
ible to injury from 2,4-D. The degree of injury is 
directly proportional to the concentration of the 
chemical to which the plant is exposed. The symp-
PA U L PRASH AR Assistant Professor of Horticulture 
24 
toms may not become apparent until 5 to 10 days 
after spray exposure or until the new leaves have ex-
panded. The entire plant may die within 7-10 days or 
the chemical may just delay fruiting. Generally, the 
upper part of the stem becomes twisted and the leaf 
petioles bend downward. 
During the summer of 1960 a study was made at 
State College showing the effect of 2,4-D on toma-
toes. This study showed that a very light spray mist 
of 2,4-D can markedly reduce the quality and quan-
tity of tomatoes. Three varieties-Sioux, Siouxann 
hybrid and State Fair hybrid-were tested. The plants 
were grown in peat pots and transplanted to the field 
on May 20, 1960. The plants were set in rows at 5 
feet apart and 3 feet apart within a row. About the 
middle of June, a farmer sprayed a field of c.orn 
about ¼ mile from the tomato field with 2,4-D. Some 
of the spray mist drifted toward the tomato field. 
The tomatoes were just starting to set fruit 
Figure 1 shows the effect of 2,4-D damage on the 
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Figure 1. The effect of 2,4-D on total yield and total yield 
of marketable fruit of tomatoes. 
total yield and total marketable yield of State Fair 
tomatoes as compared to the check. Comparing curves 
(a) and ( c) , note total yield was reduced on the 
plants which were affected by 2,4-D. Curves (b) and 
( d) show that there was a tremendous reduction in 
yield of marketable fruits from plants which were af-
fected by 2,4-D. The quality was very poor, most 
Table 1. The Total Yield and Total Marketable Yield of 60 
Plants of State Fair, Sioux and Siouxann Tomatoes Is Given 
for Each Treatment 
Market-
Total yield ablefruits 
Name of the variety Treatment in pounds in pounds 
State Fair hybrid _______ ___ _______ _____ Check 
State Fair hybrid ____ __ __________ __ __ __ 2,4-D 
Sioux ------------------------------------------ Check 
Sioux ------------------------------------------ 2, 4-D 
Siouxann hybrid ____ ______ __________ __ Check 
Siouxann hybrid ______________________ 2,4-D 
State Fair hybrid unstaked __ ____ 2,4-D 
State Fair hybrid staked ________ __ 2,4-D 
1,124 
718 
762 
444 
842 
587 
71 8 
340 
871 
190 
573 
334 
334 
147 
190 
85 
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of the fruits were cracked before they were ripe. Total 
early yields of marketable fruits were reduced in all 
cases of 2,4-D affected plants. Similar results were 
obtained in the case of Sioux and Siouxann hybrid 
tomato plants affected by 2,4-D (See Table 1). 
In comparing yields of staked and unstaked to-
matoes with 2,4-D injury, the yield greatly decreased 
in staked tomatoes as shown in Figure 2. In the case 
of staked tomatoes all the suckers ( side branches), 
were removed and plants had very little vegetative 
growth after the 2,4-D injury, whereas in the case of 
unstaked tomatoes, suckers were not removed and 
plants did make some vegetative growth even after 
the plants were injured. This aparently accounted 
for the difference in yield. 
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Figure 2. The effect of 2,4-D on total yield and total yield 
of marketable fruit on staked and unstaked tomatoes. 
SUMMARY 
1. A very small amount of 2,4-D caused a marked re-
duction in tomato yields. 
2. 2,4-D injury reduced the quality and quantity of 
tomatoes in the varieties tested. 
3. The early yields of tomatoes were tremendous! y re-
duced when plants were affected in early stages of 
fruit set. 
4. Tomato plants in all stages of growth were suscep-
tible to injury from 2,4-D. 
5. Plants which were staked suffered more from 2,4-D 
injury than unstaked tomato plants. (Project 49, 
Horticulture Department.) 
Taking Plants Apart 
to understand 
their value 
as animal feed 
L. D. K AMSTRA and M. M. T ttuRsTo 
Associate Professor of Animal Husbandry and 
Former Graduate Assistant 
I F PLANTS CAN BE TAKEN APART to show why they are indigestible at certain stages, it becomes much 
easier to isolate the plant components that inhibit 
digestion. Research has shown that lignin, a com-
plex, almost indigestible plant chemical, is a con-
sistent barrier to digestion of forages by ruminants. 
In this study we are attempting to determine just 
how great a factor lignin is in inhibiting cellulose 
digestion. 
As a plant matures the chemical makeup 
changes. Not all the changes are known or at 
least are not completely understood. For example, 
if the fiber digestibility and the composition were 
compared from spring to fall some changes are 
easily seen. Typical changes could be illustrated 
by a pie diagram as follows: 
72% 
FIBER AND OTHER 
CARBOHYDRATES 
LIGNIN 7-9% 
38% of fiber digested within 48-hour period with protein 
supplement added to make up difference in plant protein. 
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Why had the fiber digestibility dropped so 
markedly from spring to fall? Making up for the 
loss of protein from spring to fall did not appear 
to help fiber digestibility enough to answer the 
question. 
The next logical approach to the problem was 
a consideration of lignin, and studies in this area 
began at this station in 1956. The bacteria in the 
rumen ( in excess of 1 billion p.er teaspoon of ru-
men fluid) that normally digest forage or concen~ 
trate find lignin digestion an impossible task. A 
"lignin barrier" theory might be proposed, with 
an assumption that lignin coats plant fibers with 
an indigestible film of lignin which prevents bac-
teria within the rumen from attacking ( digesting) 
plant nutrients. This theory does have some basis 
in fact; severe ball-milling of highly lignified plant 
~ater~al greatly increases its digestibility. An Ohio 
mvest1gator showed that such treatment increased 
cellulose digestibility of a particular forage sample 
from 2% to 64% . It is possible that ball-milling rup-
tures the lignin coating allowing rumen bacteria ac-
cess to plant fibers. Laboratory digestion, sometimes 
referred to as the artificiel rumen digestion, was the 
method chosen at South Dakota Experiment Station 
to ~urther check the "lignin barrier" theory. This arti-
fiC1al rumen digestion technique, explained more in 
detail in the Farm and Home Research Quarterly, 
May 1957, requires only small flasks containing about 
a gram of feed, bacteria from the cow's rumen, and the 
proper vitamins and minerals. In addition the 
conditions or environment within the rum~n of 
the cow must be duplicated as closely as possible 
over a prescribed period of time. The laboratory 
SPRING 
69% 
FIBER AND OTHER 
CARBOHYDRATES 
PROTEIN 
75% of the fiber digested within a 48-hour period in the 
artificial rumen. 
digestion method is ideally suited to checking 
small samples of forage to determine if lowered 
digestion always occurs with increases in plant lig-
nin content. 
Samples were taken over a two year period 
from experimental plots of alfalfa-brome, brome, 
sweetclover-rye and soybean-sudan at different 
stages of plant growth. The lignin content and the 
digestibility of cellulose (fiber) was then deter-
mined on the samples collected. A summary of 
the digestibility of the first and third stages is 
shown below. 
Cellulose digestion* 
(percent) 
1st stage 3rd stage 
Alfa lfa-brome ____________ 71.2 
Brome ---- ·----------------- 64.4 
Sweet clover-rye ________ 75.0 
Soybean-sudan _____ __ __ 67 .2 
52.8 
27.4 
49.8 
55.5 
Decrease Increase 
in digestion in lignin 
from 1st to from 1st to 
3rd stage 3rd stage 
(percent) (percent) 
18.4 
37.0 
25.2 
11.7 
4.2 
3.2 
2.6 
2.3 
*Average of 12 laborato ry d iges tions; sa mples were taken during two 
d ifferent growing period s from th e same fo rage plo ts ( 1956-57). 
This same procedure was repeated for some com-
mon native grasses in (1958-1959) as listed below: 
Cellulose digestion* 
(percent) 
1st stage 3rd stage 
Green needle _____ _____ __ 67 .2 
Little bluestem __________ 53.2 
Blue grama _____________ 60.1 
Mixed prairie -------·---- 57.1 
Western wheat ______ ____ 54.2 
* Average of 6 labo ra to ry d igestions. 
17.2 
10.0 
15.0 
27.0 
41.0 
Decrease Increase 
in digestion in lignin 
from 1st to from 1st to 
3rd stage 3rd- stage 
(percent) (percent) 
50.0 
40.2 
45.1 
30.1 
13.2 
4.0 
3.8 
3.0 
1.8 
0.5 
It appears that lignin could affect cellulose digesti-
bility since, in most instances, those forages having 
the greatest lignin increase . also had the greatest de-
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Figure 1. Comparative in vitro digestion of holocellulose 
fractions extracted from three growth stages of perennial hays. 
27 
crease in digestibility. Exceptions did occur, however, 
in the forages considered"here. Alfalfa-brome showed 
an increase in lignin content of 4.2% from the 1st to 
the 3rd stage and a decrease in digestibility of only 
18.4% while brome having a 3.2% increase in lignin 
decreased in digestibility 37.0% over the same period. 
It also can be shown that plants containing the great-
est total content of lignin may be more digestible 
than another plant species containing lesser amounts 
of lignin. 
Scientists are not yet certain of the exact structure 
of lignin. In fact, the structure may change from spe-
cies to species or from one stage to another within 
plant species. Following this line of thoug}H,one struc-
tural type of lignin may be less resistant to rumen 
bacterial attack than another structural type. 
In research on plant composition, intact plant ma-
terial, normally very complex, is used. However, to 
study lignin as a digestion inhibitor, a new approach 
was taken in attempting to learn more of its complex 
structure; parts of plants, or so-called plant fractions 
were used. For example, a plant fraction containing 
mostly carbohydrates and no lignin, would be es-
pecially useful to indicate just how much lignin in-
hibited digestion. A plant fraction (holocellulose) , 
originally isolated as a minor product from trees by 
paper manufacturers, appeared ideal for this study, 
even though only small amounts could be isolated 
from forage plants and grasses. Again, the laboratory 
digestion method was a valuable tool since it required 
only about a gram (l/454th lb.) of material per di-
gestion trial. A comparison of the cellulose digestibil-
ity within the holocellulose fraction and within intact 
plant samples from which the fraction originated is 
shown in Figures 1 and 2. 
The results show that, in general, cellulose within 
the holocellulose fraction is more susceptible to rumen 
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Figure 2. Comparative £n vitro digestion of holocellulose 
fractions extracted from three growth stages of annual and 
biennial hays. 
bacteria than within intact plant material. The digesti-
bility of the fraction varies with the plant growth 
stage. This would indicate either that some lignin still 
remains in the isolated holocellulose fraction or that 
other factors are inhibiting cellulose digestion. Analy-
sis has shown that some of the lignin is not removed by 
the method of isolation of the holocellulose fraction; 
nevertheless, other factors which could contribute to 
poor digestion are quite possible. Investigators have 
shown that the carbohydrates making up the holocell-
ulose fraction may be different between plant species, 
e.g., alfalfa contains significant amounts of arabinose 
while other species do not. It has also been shown that 
cellulose can exist in two forms, crystalline and amor-
phous; the latter is more digestible to animals. 
A practical aspect of this type of investigation 
would be to suggest that forages be cut at such time as 
to make them as digestible as possible. This period ap-
pears to be in the early stages of plant growth if lignin 
encrustation were considered a factor, since high lig-
nification invariably accompanies plant maturity. 
Other plant components which influence the value of 
forage will continue to be investigated. (Project 293 
Animal Husbandry Dept.) 
timing fertilizer application 
JoHN J. MoRTVEDT and LEo F . P uHR 
Former Graduate Assistant and Professor of Agronomy 
THE DEPLETION of soil fertility by continuous crop-
ping is now one of the major factors limiting crop 
yields on many South Dakota farms. The more fre-
quent use of fertilizer and other soil improvement 
practices is necessary to obtain maximum yields. 
Yet many farmers find it necessary to postpone the 
application of fertilizer to small grains because of 
weather conditions which delay spring work. The 
question frequently arises, "Can we apply fertilizer 
after planting and obtain yield increases comparable 
to pre-plant or planting-time applications?" 
To answer this question a study was made to de-
termine the effect of delayed fertilizer applications 
on the yield and protein content of oats and barley. 
Field experiments were conducted on representative 
soil types in 12 counties in eastern South Dakota in 
1958 and 1959. The fertilizer was top dressed on the 
grain at various intervals up to 10 weeks after plant-
ing. Applications were broadcast on the surface and 
were not mixed with the soil. In addition, one treat-
ment in the 1958 experiments was applied before 
planting and mixed with the surface soil. 
YI ELD AND PROTEIN DATA COMPILED 
In general, the experiments show that barley and 
oat yields increase almost as much when nitrogen 
fertilizer is top-dressed 4 to 6 weeks after planting 
28 
as when it is applied at planting. Also, the increase in 
the protein content of grain from using nitrogen fer-
tilizer is generally about the same whether fertilizer 
is applied at the time of planting or during the first 
half of the growing season. 
The results of the 1958 experiments are presented 
in Table 1. Fertilizer increased the yields of grain sub-
stantially in all the 1958 experiments. In general, the 
delayed applications gave about the same yield in-
creases as the application made at time of planting. 
Table 1. Effect of Time of Fertilizer Application on Yield of 
Oats and Barley, 1958 
Oats, bu./ A. Barley ,bu./ A. 
Brookings Grant MinnehahaBrookings Deuel 
Time of 
fertilizer 
application* 
county county county county county 
Vienna Barnes Moody Vienna Kranzburg 
loam silt loam silt loam silt loam s;lt loam 
No fertilizer applied 25.5 34.4 31.4 26.9 29.9 
Applied before plant-
ing, harrowed in 38.6 
Applied at planting 
on surface, 
not worked in ____ __ 30.0 55.9 47.7 41.5 45.4 
3 weeks after 
planting ____ __ ________ 34 .8 64.2 47.8 42.2 44.8 
6 weeks after 
planting ______________ 32.4 53.9 44.0 41.8 42.0 
•40 poun I!. of nit rogen and 30 pounds of P20 , app lied per acre. 
In one experiment, however, the largest increase in 
yield was obtained when the fertilizer was applied be-
fore planting and mixed with the surface soil. In this 
experiment, lack of rainfall restricted the movement 
fertilizer made into the root zone. 
Fertilizer increased the protein content of oats 
in all instances in 1958, as shown in Figure 1. The 
protein content of barley was highest where the fer-
Figure 1. Effect of time of fertilizer application on pro-
tein contents of oats and barley, 1958. 
tilizer was applied six weeks after planting. This also 
occurred in two of the oats experiments. 
In 1959, in the Deuel County experiment, the plots 
fertilized at two and at four weeks after planting 
yielded about the same as those fertilized at plant-
ing time. Later applications were not as effective for 
increasing oat yields. In the McCook County experi-
ment, the results were similar except the last date for 
fertilizer application for maximum yield was 2 weeks 
after planting rather than 4 weeks after planting. 
Table 2. Effect of Time of Fertilizer Application on Yield 
of Oats, 1959 
Time of fertilizer 
application* 
Yi~ld of oats, bu./ A. 
Deuel county McCook county 
Kranzburg Vienna 
silt loam silt loam 
No fertilizer applied __________ __ ____ __ __________ 31.3 21.0 
Applied at planting on surface 
and not worked in ____ __ ____ __ ________________ 47.7 29.4 
2 weeks after planting __ ____ _____ __ ____ __ ______ 41.9 33.7 
4 weeks after planting _____ __ __________ __ ____ __ 43.1 26.6 
6 weeks after planting____ __ ____ __ ____ __ ____ __ __ 32.9 29.1 
8 weeks after planting____ __ ____ __ ____ __ ________ 33.7 28.2 
10 weeks after planting ____ _____ __ ____ __ ____ __ 34.0 27.9 
*4 0 pounds of nitrogen and 30 pound s of P20 s applied per acre. 
Higher temperatures and dry weather were probable 
reasons for this difference. 
The protein content of the oats was increased by 
all fertilizer treatments, but there was no consistent 
relationship between the time of fertilizer application 
and the increase in protein content in 1959, as shown 
in Figure 2. 
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Figure 2. Effect of time of fertilizer application on protein 
content of oats, 1959. 
SUMMARY 
1. Nitrogen top-dressed on oats and barley as late 
as 4 to 6 weeks after planting, when the grain was 
about six inches tall, caused increases in the yield of 
grain which were nearly as great as those produced 
by applying the fertilizer at planting. 
2. The yields of oats and barley were not signifi-
cant! y increased by fertilizer a pp lied from 4 to 6 weeks 
after planting if there was insufficient rainfall to leach 
the fertilizer into the root zone in time to benefit 
the crop. 
3. On the basis of one experiment, fertilizer con-
taining phosphorus caused larger yield increases if 
it was incorporated into the soil before planting rather 
than top-dressed after plantng. 
4. Nitrogen fertilizer generally caused increases 
in the protein content of oats and barley. The protein 
content of grain where fertilizer was applied during 
the first half of the growing season was generaliy 
about the same as when it was applied at planting. 
(Project 46. Agronomy Dept.) 
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Cooperation, the key effort in the initiation of the 
new Southeast South Dakota Experiment Farm near 
Beresford, is symbolized by President H. M. Briggs 
of South Dakota State College; Orville G. Bentley, 
Dean of Agriculture and Director of the Experiment 
Station; and Wesley Larsen, president of the South-
east South Dakota Experiment Farm Corporation 
( above, left to right) . 
The Corporation negotiated for the farm with 
$48,000 in memberships and gifts from farmers and 
residents in the area and the State Legislature appro-
priated funds for operation and maintenance of the 
research farm during the biennium. On June 7, the 
' 
• North Cent ral Su bstatio n 
EUREKA 
e Central Substation 
HIGHMORE 
• Reed Ran ch Fie ld Sta ti o n 
So uth Centra l Resea rc h Fa rm 
PRESHO 
L 
. RESEARCH FARM 
VISITORS WfLCOM£' 
S.D. S!olc College Experlrncnl Slalion 1 
CDO~UUIIC MIIH :I, 
Southeasl Coun ties 
• Nor th East Research Farm 
WATERTOWN 
• I 
Sol:Jth Dakota Ex perim ent Station 
BROOKINGS 
J 
~ SOUTH EAST 
• EXPERIMENT FARM 
BERESFORD 
farm was dedicated to the early pioneers of South Da-
kota, in memory of the man who homesteaded it, 
Gustavus Norgren. 
The Southeast South Dakota Experiment Farm 
becomes, then, a part of the plans for increased re-
search activities in all of the substations. Expanded 
and reinitiated programs mean that active research to 
help develop South Dakota's agriculture is underway 
in every corner of the state. 
